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Historical Account of Department of Entomology. 

(Continued from Science Bulletin VIII), 

Brief resume of the work of the Department of Entomology of the University 
of Kansas during the past quarter century. 

BY II. B. HUNGERFORI). 


E NTOMOLOGICAL work has been in progress at the University 
of Kansas since the foundation of the institution in 1866, The 
first faculty consisted of three men, one of whom was Dr. Francis 
Huntington Snow, professor of mathematics and natural science. 

Doctor Snow, while widely interested in birds and flowers, gave 
early evidence of a special fondness for the study of insects. 
Through his efforts, and those of others who have followed him, 
there lias been established what is perhaps the greatest general 
collection of insects to be found in connection with any state uni¬ 
versity in America. 

In 1890 Doctor Snow became chancellor of the University, and 
Dr. Vernon L. Kellogg was appointed to the 4 entomology work, first 
as assistant professor of entomology, and later as associate pro- 
f essor. 

Doctor Kellogg was called to Stanford University in 1894, and for 
the year 1895 the entomological work was in charge of W. A. Snow, 
son of the chancellor. 

In 1896 Prof. S. J. Hunter was appointed assistant professor of 
entomology and placed in charge of the department, and for the 
past quarter of a century he has directed his energies toward the 
development of a department that should rank among the strongest 
in the country. During this span of years the department has 
'trained many students and grown remarkably in its material equip¬ 
ment, both through the greatly enriched entomological collections 
and its mechanical facilities for furthering research and advancing 
instruction in entomology. 


( 9 ) 
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The teaching staff has increased from one to five, and the student 
roll, from a few to more than 250. A total of 2,000 pages, under 
276 titles t have been published by members of the department, 
and twenty-three scientific expeditions of the entomological museum 
have been made during the past twenty-five years. These accom¬ 
plishments, together with the various economic state problems that 
have arisen from time to time, indicate an active and productive 
period in the history of the department. 

In 1914, Science Bulletin issued its second entomological num¬ 
ber. This was dedicated to Doctor Snow, and in it may be found 
a chronological account of the activities of the department up to 
and including the year 1913. As a matter of record, additions are 
made below to the various sections as they have occurred since 
that year. 

CHRONOLOGICAL REVIEW OF EVENTS SINCE 1913. 

1913. Mr. George Collett appointed Fellow in Entomology. 

F. X. Williams, who received his M. A. degree in this department in 
1913. resigns to study for the doctorate at Harvard. 

Professor Hunter, Assistant Professor Hungorford, Mr. George Vansell 
and Mr. George Collett conduct a biological survey in Wyoming, 
Utah and Montana with special reference to distribution and biology 
of grasshoppers of Kansas. 

1914. P. W. Claassen becomes assistant state entomologist. 

Raymond Reamer becomes assistant curator of museum. 

Professor Hunter, Assistant Professor Hungerford, Raymond Reamer, 
Will Brown and Fred Poos collect along the Rio Grande in south¬ 
western Colorado. 

1915. Walter Wellhouse elected fellow in entomology. 

Mr. Raymond Beamer, B. P. Young, Forrest Anderson and Waller Well- 
house make an entomological survey of the counties of southeastern 
Kansas. 

B. P. Young takes charge of the insectary. 

1916. Forrest Anderson elected fellow in entomology. 

Professor Hunter takes a four months’ leave of absence. 

H. B. Hungerford appointed temporary chairman and acting state en¬ 
tomologist. 

Hungerford, Lawson and Wellhouse go to Wellington, Kan., to investi¬ 
gate green-bug outbreak. The Federal Bureau, the Kansas Agricul¬ 
tural College and the University combine to study the green bug 
and methods of control. Lawson and Wellhouse represent the Uni¬ 
versity for several weeks in this work. 

Mr. Raymond Beamer, with Grutzmaeher, Darby and Gardner, make 
an entomological survey of some southern Kansas counties. 

H. B. Hungerford is granted a year’s leave of absence to study for the 
dortorm e at Cornell University. 
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P. W. Claaseen takes Mr. Hungerford’s place for the year. 

P. B. Lawson becomes assistant instructor. 

1917. H. B. Hungerford made associate professor of entomology. 

P. B. Lawson made instructor in entomology. 

Ruby Hosford takes charge of insectary. 

Dr. C. P, Alexander becomes assistant curator of entomological museum. 

Miss Eva Batchman appointed assistant instructor. 

William Hoffmann elected fellow in entomology. 

Doctor Alexander conducts a party, consisting of Harry Fackler, Wil¬ 
liam Hoffmann and Scott Johnson, on an entomological survey of 
southwestern Kansas. 

Canker-worm work in cities of eastern Kansas conducted by Professor 
Hunter. 

1918. Entire University reorganized to handle S. A. T. C. Department of 

entomology teaches three sections of biology. Miss Woaverling takes 
charge of insect ary. 

1919. William Hoffmann is appointed assistant in charge of insectary. 

P. B. Lawson granted degree of doctoi of philosophy by Kansas Uni¬ 
versity; major, insect taxonomy; first minor, insect morphology; 
second minor, systematic botany. Title major thesis, “Cieadellidae 
of Kansas.” 

Miss Itasca Hilsman elected Fellow in Entomology. 

1920. H. B. Hungerford made Professor of Entomology. 

P. B. Lawson becomes Assistant Professor of Entomology. 

Mr. William Hoffmann transferred from the insectary to assistant cura¬ 
tor of museum. 

Mr. Philip A. Readio is appointed instructor in entomology. 

Miss Lucy Hackman becomes assistant instructor. 

Miss Itasca Hilsman reappointed fellow in entomology. 

1921. Mr, Lawson becomes associate professor of entomology. 

W. J. Brown becomes student assistant in the museum. 

W. J. Brown, Jean Linsdale and Robert Guentcrt continue the biological 
survey in northeastern Kansas. 

P. B. Lawson and Raymond Beamer devote some time to the study of 
the destructive outbreak of pea aphis in first-crop alfalfa. 

1922. Miss Kathleen Doermg appointed fellow in entomology. 

P. B. Lawson becomes professor of entomology and assistant dean of 
the College of Liberal Arts and Science. 

Miss Kathleen Doering appointed scientific illustrator. 

C. Howard Curran, of Orillia, Canada, appointed research fellow in 
entomology. 

R. H. Beamer reappointed assistant curator of the entomological col¬ 
lections, 
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ENTOMOLOGICAL PAPERS FROM UNIVERSITY OF KANSAS. 

(Continued from Science Bulletin VIJI ) 

ALEXANDER, C. P. 

No. Date. Title of paper. 

203. 1918—Records of Japanese Crane Flies (Diptera). Am. Ent. Hoc. Ainer., 

vol. XI, pp. 443-449. 

204. 1918—New Species of Tipulme Crane Flies from Eastern Asm (Tipulidie, 

Diptera). Jour. N. Y. Ent. Soc. vol. XXVI. pp. 66-75. 

205. 1918—A New Interpretation of the Wing Venation of the Pedicine Crane 

Flies (Tipulidae, Diptera). Ent. News, vol. XXIX, pp. 201-205. 

206. 19X8—New Species of Crane Flies from California (Diptera). Ent. News, 

vol. XXIX, pp. 285-288. 

207. 1918—New Nearctic Crane Flies (Tipulida*, Diptera). Part IV. Can. 

Ent., vol. L, pp. 60-71. 

208. 1918—New r Nearctic Crane Flies (Tipulidax Diptera), Part V. Can. Ent , 

vol. L, pp. 158-165, 242-246. 

209. 1918—New Nearctic Crane Flies (Tipulidte, Diptera), Part VI. Can. 

Ent,, vol. L, pp. 381-386, 411-416. 

210. 1919—The Crane Flies Collected by the Canadian Arctic Expedition, 

1913-’18, Report of the Canadian Arctic Expedition, 1913-18, vol, 
III, part C, pp. 1C to 30C. 

211. 1919—Notes on the Genus Dicranoptyrha Oaten Sacken. Ent. News, \ol. 

XXX, pp. 19-22. 

212. 1919—New or Little-known Ciane Flies from Japan, Part 1. The En¬ 

tomological Magazine, Kyoto, Japan, vol. Ill, pp. 122-127. 

213. 1919—The Biology of the North American Crane Flies (Tipulidie, Dip¬ 

tera), Part V. Pomona College Jour. Ent. and Zodl., vol. XI. 
pp. 67-74. 

BEYER, ADOLPH. 

214. 1922—A Brief Resume of Investigations Made in 1913 on Troyodrrma 

inclwta. Science Bulletin, vol. XIV (this number). 

BEAMER, RAYMOND H. 

215. 1916—An Easy Method of Making Insect LabcK Ent News, vol. 

XXVIII, p. 418. 

216. 1917—The Oedipodime of Kansas. Bui. of the I)ept. of Ent., University 

of Kansas, No. 11, pp 51-126; 74 text figures. 

cl \ ashen, p. v . 

217. 1914—Grasshopper Control in the Southern Division of Kansas (with 

Professor Hunter). Jour. Ec. Ent.. vol. VII, No. 1, pp. 73-81. 

218. 1917—The Melanopli of Kansas. Bui. of the Dept, of Ent., University 

of Kansas, No 11, pp*. 5-50; 5 figures. 

CURRAN, 0. HOWARD. 

219. 1922—On the Nemestrmid Genus Rhyncocephalua (Nemestrinidae, Dip¬ 

tera), Can. Ent., vol. LIV. 

220. 1922—Diptera in the Collection of Miss Frances Long (supplement to 

paper by Miss Frances Long on Plant Pollination in Insects). (In 
press,} 
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DOERLNTi, KATHLEEN. 

221. 1922—Biology and Morphology of Lepyronia quadrangular is (Say). Sci- 

ence Bulletin, vol. XIV (this number). 

EMERY, w. T. 

222. 1914—Morphology and Biology of Simuliurn vitlatum and its Distribu¬ 

tion in Kansas. Science Bulletin VIII; 15 plates. 

HACKMAN, LUCY. 

223. 1922—Studies in Vimdcila hieroglyphic^. Science Bulletin, vol. XIV 

(this number); 5 plates. 

HUNGERFORD, H. B. 

224. 1914—Anatomy of Simuliurn villaluni. Science Bulletin, vol. VIII, pp. 

365-382 ; 3 plates. 

225. 1914—Notes on Coleoptora from Western Kansas (with F. X. Williams). 

Knt. News, vol. XXV, pp. 1-9; 2 plates. 

226. 1915—A Parasite of Cottonwood Borer Beetle. Knt. News, vol. XXVI, 

p. 135. 

227 1916—Sciara Maggots Injurious to Potted Plants. Jour. Ee. Knt, vol. 

IX, pp. 538-549; 2 plates. 

22S. 1917—Brief Laboratory Outline for Introductory Entomology State 
Printer; 18 pages. 

229. 1917—Egg-laying Habits of a Back Swimmer, Bucnoa margaritacea 

Bueno. Knt, News, vol. XXVIII, pp. 174-183; 1 plate. 

230. 1917—Notes Concerning Food Supply of Some Water Bugs. Science 

N S., XLV, ]>]). 336-337. 

231. 1917—Food Habits of Corixids. Jour. N. Y. Ent. Soe M vol. XXV, pp. 1-5; 

1 plate. 

232. 1917—The Life History of a Back Swimmer, Notomcta undulata Say. 

Knt. News, vol. XXVIII, pp. 267-278, 2 plates. 

233. 1917—The Life History of Mesovelia muhanti White Psyche, vol. 

XXIV, pp. 73-84; 1 plate. 

231. 1917—The Lift' Hist on of a Boatman. Jour. N. Y. Ent. Soe M vol. XXV, 
pp 112-122; 1 plate 

235. 1918—Notes on the (Exposition of Some Semiaquatic Hemiptera. Jour. 

N. Y. Ent. Soc., vol. XXVI, pp. 12-18; 1 plate, 

236. 1918—Concerning the* Oviposition of the Xotonccta. Ent. News, vol. 

XIX, pp. 241-243; 1 plate, 

237. 1919—Biology and Ecology of Aquatic and Semiaquatic Hemiptera. 

Science Bulletin, vol. XI, pp. 3-328, 33 plates. 

238. 1919—Male Genitalia as Characters of Specific Value in Certain Crypto- 

eerata. Science Bulletin, vol. XI, pp. 329-332 ; 2 plates. 

239. 1919—Biological Nates on Tetradoriema phrans Cobb, a Nematode Para¬ 

site of Sciara coprophila Lint. Jour, of Parasitology, vol. V, pp. 
176-192; 1 plate, 3 text figures. 

'240. 3919—Tables for Determining Types and Breeds of Domesticated Ani¬ 
mals (third edition). Comstock Publishing Co., Ithaca, N. Y.; 38 
pp., 3 plates. 
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241. 1920—Laboratory Outline for Course in Introductory Entomology {re¬ 

vised and enlarged). World Publishing Co.; 39 pp, 
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XIV; 1 plate (this number). 

244. 1922—A Review of the Past Quarter Century of Entomology in Kansas 

University. Science Bulletin, vol. XIV (this number). 
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plates (this number). 

246. 1922—Oxyhemoglobin Present in the Back Swimmer, Buenoa margari - 

tacca Bueno. Can. Ent., vol. LIV. 

247. 1922 —Saldoidea slossord, new var. mhyii. Bui. Brooklyn Ent. Soc., vol. 

XVII, page 64 (Apr.). 

248. 1922—Notable Additions to Entomological Library at Kansas University. 

Bui. Brooklyn Ent. Soc. (Accepted for publication.) 

249. 1922—Both Hydrometras m Kansas. Bui. Brooklyn Ent. Soc,, vol. XVII, 

p. 78 (June). 

250. 1922—Water Insects from a Portion of the Southern Utah Desert (with 

Dr. R. C. Moore). Science Bulletin, vol. XIV (this number). 

251. 1922—Some Notes on the Egg-laying Habits of the Corixidae. Bui. 

Brooklyn Ent. Soc. (In press.) 

252. 1922—A Study of the Hydrometra of America North of Mexico, with 

Description of a New Species (Heteroptera, Hydrometrida?). Can. 
Ent., vol. LV. (In press.) 

HUNTER, 8. J. 

253. 1914—University Experiments with Sand Fly and Pellagra. Science Bul¬ 

letin, vol. VIII. 

254. 1914—Control Measures for the Native Grasshoppers and Chinch Bugs. 

Bien. Rep. St. Bd. Ag., vol. XXIV, pp. 680-688 ; 8 plates. 

255. 1914—Grasshopper Control in the Southern Division of Kansas (with 

P. W. Claassen). Jour. Ec. Ent., vol. VII, No. 1, pp. 73-83 ; 5 
plates. 
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144-150. 
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The Membracidae of Kansas. 

By P. B. LAWSON, 

Professor of Entomology, University of Kansas. 

INTRODUCTION. 


T HE writer has been interested in recent years in a systematic 
study of the Homoptera of Kansas. He has previously pub¬ 
lished papers on the Coccidap, Cioadellida> and Cicadidse of the state, 
listing over 300 species of the members of these families known to 
occur within the borders of Kansas. 

The membracids of the state have been previously studied by 
Miss Hazel Branch, who in 1914 published a paper in the Kansas 
University Science Bulletin, volume 8, on the biology of the 
Membracidae of Kansas. In that paper she listed nineteen species 
from the state. Since that time quite a little collecting has been 
done, until to-day, including some species taken around Kansas 
City, Mo., which species are therefore sure to occur in eastern Kan¬ 
sas also, there are records of the occurrence of at least fifty-five 
species of tree hoppers in our fauna. Further collecting will of 
course reveal a goodly number of additional species, but the writer 
has thought it advisable to bring our data up to date at this time. 

The writer is greatly indebted to Dr. W. D. Funkhouser, of the 
University of Kentucky, who has made many determinations for 
him and been very generous in giving helpful suggestions and en¬ 
couragement during the course of this study. Moreover, his paper 
on the biology of the Membracidse of the Cayuga Lake Basin has 
been very freely drawn upon, especially in the use of the technical 
descriptions. 

Through the kindness of Professors Geo. A. Dean and Roger 
Smith, the records of the Kansas State Agricultural College are in¬ 
cluded in this paper, most of the records from Riley county and sev¬ 
eral others being from that collection. 



32 


The University Science Bulletin, 


DISTRIBUTION. 

The Membracida\ though primarily a tropical and subtropical 
family, are nevertheless found widely scattered and are well repre¬ 
sented in temperate regions. Authorities are agreed that they are 
best represented in the fauna of Central and South America, but it 
seems certain that when the fauna of Africa and Southern Asia have 
been as carefully studied that these regions will also be found to be 
very rich in these insects. 

Dr. W. D. Funkhouser gives the following distribution of the fam¬ 
ily according to geographical life zones: 

Palearctic region: 

(Europe, the temperate parts of Asia, and the north of Africa; Iceland and 
the islands of the Atlantic; limited by the Himalayas.) 

Very poorly represented. Only two or three genera on the entire continent 
of Europe, but two species in Great Britain, two species in Russia, and none 
reported from Iceland. A few in northern Africa, chiefly forms that have 
migrated from the south. 

Eth top ia n regio n: 

(Africa and its islands, except the northern parts; Arabia.) 

Rich in genera and species. Little work has been done on these forms of 
the family, but there is evidence of an abundant membracid fauna. 

Oriental region: 

(India and the East Indies.) 

Extremely rich both in number of forms represented and in number of in¬ 
dividuals. The center of distribution for the subfamily Centro time. 

Australian region: 

(Australia, New Zealand and neighboring islands.) 

Well represented by rather distinct forms. The region has been fairly well 
worked and has yielded a large number of species. 

Nearctic region: 

(America north of Mexico; Greenland). 

Forty or fifty genera, gradually becoming less abundant northward. A 
few species common in Canada as far north as Perry Sound. None reported 
from Greenland. 

Neotrojrical region: 

(Mexico, West Indies, Central and South America.) 

The most important of all the regions for the Membracid©. Central 
America and the northern part of South America have yielded as many spe¬ 
cies as all the rest of the world together. 

Altogether over 30() genera have been erected, which contain 
something like 1,500 species. Many of these genera are found in 
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more than one of the above regions, but the number of sueh species 
is seemingly rather limited. Thus the American genera Ceresa and 
Stictocephala, while well represented in both the Nearctic and Neo¬ 
tropical regions, scarcely have a single species that occurs in both 
regions. On the other hand, it is well known that some forms, such 
as Micrutalis calva (Say), are found in both the United States and 
the West Indies. 

In North America the members of this family are best represented 
in Mexico. As wc advance northward they become fewer and fewer 
till comparatively few' species are found in Canada, where they 
reach their northern limit. Van Duzee lists 41 genera in his cata¬ 
logue of the Hemiptera of North America north of Mexico. It is 
perhaps safe to say that the number of genera for this region does 
not exceed fifty. The number of species is listed at 185, which com¬ 
pares very favorably w'itli the 25 cercopids and the 74 cicadas, but 
falls far short of the 357 fulgorids and the 698 eicadellids which oc¬ 
cur in the same territory. Thus it. is seen that in the United States 
this family stands midway in membership among the five families 
of the Homoptera-Auchefcnorhvnehi. 

So far the membracid fauna of Kansas is known to be repre¬ 
sented by 20 genera. Further collecting will doubtless reveal the 
presence of several other genera, and of course the number of spe¬ 
cies will also be increased, for, after all, there has been rather little 
attention paid to this family in the work of past collectors in this 
state. This is shown by the fact that only about 50 out of the 105 
counties of the state have as yet furnished us with specimens. How¬ 
ever, these counties arc so well distributed as to give us a very fair 
idea of the membracid fauna of the entire state. * 

The genera Tdamona and Cyrtolobus show the most species in 
the state, each having some ten or eleven species. These genera are, 
however, not the ones that are most commonly seen, for both 
Stictocephala and Ccrem are far more abundant as to individuals, 
Ceresa bubalus (Fabr.) being by far the commonest species in the 
state. Close to the two latter genera comes Micrutalis, the species 
calva having been taken in about fifteen counties. Campylcnchia 
latipes is also very common throughout the alfalfa fields of the 
state. Vanduzea trigidtata (Burm.) occurs in enormous numbers 
when taken, as does Entylia concisa (Walk.), but hitherto these 
species have not been taken in many places within our borders. 
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EXPLANATION OF PLATE L 

1. Pronotura and head of Certm bubalus. sp, suprahumerals; m, meto- 
pidmm; ha, humeral angles. 

2. Cephalic aspect of head of Certm bubalus. es, epicranial suture; o, 
ocellus; v, vertex; <. compound eye; g , gena; h, lora; cl, clypous; l, labrum; 
ep, epi pharynx; la, labium. 

3. Caudal aspect of head of Ceresa bubalv*. or, occiput; of, occipital 
foramen; pg, postgena; t, compound eye; la, labium. 

4. Lateral aspect of head of Cerem bubalus oc, occiput; v, vertex; e , 
compound eve; g, gena; cl, clypeus; py, postgena; l, labrum; ep, epipharviix; 
mx, maxillary stylets; md, mandibular stylets; la, labium. 

5. Pronotum of Certm bubaln *. up, suprahumerals; ha, humeral angles; 
m, metopidium; dr, dorsal carina; pp, posteiior process. 

6. Metathoracic leg of Ceresa bubal us. c, coxa; tr, trochanter; j, femur; 
t, tibia; ta, tarsus. 

7. Prothoracic leg of Ceresa bubalus. 

8. Prothoracic leg of Campylenvha latipes. 

9. Tegnien of Ceresa bubalus. 

10. Hmd wing of Ceresa bubalus. 

11. Ventral aspect of abdomen of male Ceresa bubalus. 2-9, sternites; 2-8, 
pleuritcs; pg, pygofer or ninth tergite; lv t lateral valve. 

12. Ventral aspect of abdomen of female Ceresa bubalus. 2-7, stemites; 
2-8, pleurites; py, pygofer or ninth tergite; ovi , o\ ipositor. 

13. Lateral aspect of abdomen of male ('ensa bubalus. 1-11, tergites; 2-9, 
sternites; Iv, lateral valve. 

14. Lateral aspect of abdomen of female Ceresa bubalus. 1-9, tergites; 2-7, 
sternites. 
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STRUCTURAL CHARACTERISTICS. 

The outstanding characteristic of the membracids is their re¬ 
markably developed pronotum. This sclerite is usually enlarged 
so as to cover most of the thorax and much of the abdomen, and 
while in our species it is often extended into rather regularly formed 
processes, yet in many tropical species these processes assume the 
most irregular and grotesque shapes. In the subfamily Centrotinae, 
however, the pronotum is not thus enlarged, but is so small that the 
greater part of the seutellum is left exposed. 

As in all insects, the body is divided into three regions. The head 
is quite characteristically homopterous, fitting against the coxae of 
the prothoracie legs, between which lies the beak. At its lateral 
extremities are the well-developed compound eyes, while the simple 
eyes or ocelli are found on the i crtcx , the paired sclerite forming 
the greater part of the cephalic aspect of, the head. The ocelli are 
always paired and in a line with each other and the compound eyes, 
though their distance from each othtT and from the compound eyes 
varies. 

The setaceous antennee are found under the margin of the vertex 
on either side of the clypeus. The first three segments are large, but 
the rest of the organ is composed of a large number of small 
segments which decrease in size toward the apex. 

The vertex is a paired sclerite lying on either side of the base of 
the Y-shaped epicranial suture. The presence of this suture w’ould 
indicate a m)ore primitive position for this family than for the 
Cicadellidse, where no signs of it are present. 

Between the arms of the epicranial suture and forming the apex 
of the head is the clypeus. This sclerite is often characteristic in 
the length of its apex and in its relation to the lateral margins of 
the vertex. At its apex it is turned backward, forming a rounded 
lobe, caudad of which are the genre. The latter sclerites are seen 
to form the lateral portions of the head, extending between the eyes 
and the clypeus, and bearing the antennae. The postgence occupy 
most of the caudal aspect of the head, forming, with the dorsal 
occipital sclerites or oedput, most of the boundary of the occipital 
foramen. The lorn are found on either side of the clypeus and 
labrum as two more or less distinct sclerites with rounded lateral 
margins. 

The beak or labium consists of three segments, as in other 
Homoptera, and contains in a groove the mandibular and maxillary 
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stylets . The labrum is large and caudad of the clypeus, bearing the 
mpre or less membranous epipharynx at its tip. All the mouth 
parts are typical of the ordinary sucking phytophagous insect. 

The thorax, as in all insects, consists of three segments. For our 
purposes only a brief discussion of the dorsal scleritc of the pro¬ 
thorax will be necessary. This sclerite, the pronotum , as already 
mentioned, is the chief characteristic of the family. It is one of 
the finest examples of the biological phenomenon of orthogenesis 
that is to be found. In our North American membracids it is com¬ 
paratively simple as compared with its appearance in many Neo¬ 
tropical genera, such as Sphongophorm and Cyphonia. But even in 
our fauna it assumes such diverse forms as to give us the best 
generic, and often also specific characters for the classification of the 
members of this family. The following parts have been named and 
are used in the descriptions which follow: 

1. Metojriflfum. The cephalic area of the pronotum, extending 
from the base of the head to the front of the dorsum. 

2. Humeral angles. The angles of the pronotum just above the 
bases of the wings. 

3. Suprahumerals. The lateral projections above the humeral 
angles. 

4. Dorsal carina. The ridge usually extending the length of the 
pronotum. 

5. Posterior process. The caudally directed portion of the 
pronotum. 

The three segments of the thorax each bear a pair of legs, which 
are composed of the usual segments, the tarsi being three-segmented. 
The coxce, are usually stout, the trochanters rather'small and bent, 
the femora large and stout, and the tibice usually long, slender and 
hairy. In the subfamily Membraciiue and in some Centrotinae, the 
tibiae are wide and flat or foliaceous, especially so in the prothoracic 
and mesothoraeic legs. 

The last two thoracic segments each bear a pair of wings, which 
are of value in systematic work, not only in their venation, but also 
in their relation to the pronotum. 

The abdomen consists of eleven segments, the last two forming 
the anal tube. Most of these segments show a distinct tergite, 
pleurites and stemite. Of these sclerites the tergite is by far the 
largest, forming both the dorsal and lateral portions of the seg¬ 
ment; and in the case of the female ninth segment, nearly inclosing 
the segment, coming dear down to the sides of the ovipositor, in 
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this sex there showing externally but six stemites, those of the 
second to seventh segments, inclusive. In the male the ninth tergite 
is not as large, for in this sex the stemites of segments two to nine, 
inclusive, all show r clearly. This tergite bears, however, on either 
side, a pair of broad lobes or plates which Funkhouser calls the 
lateral valves. These, he thinks, may be the pleura of the ninth 
segment and of use in copulation. They may project caudad or 
turn mesad—a character of generic value. They frequently bear 
variously shaped processes or teeth, which, as far as the writer has 
observed, are constant in form and position for the various species, 
and are therefore good specific characters. 

The sternite of the seventh segment of the female differs in differ¬ 
ent species, and is therefore of systematic value, as is also the 
ninth sternite or sternal plate of the male. The latter is constant 
in shape and extent of apical splitting within the species, and this 
makes it of value as a taxonomic character. 

THE MALE GENITALIA. 

As in the Cieadellida?, the abdomen of the male ends in what 
Sharp calls the “terminal chamber” in the case of the Pcntatomidae. 
This chamber is bounded above by the anal tube and ninth tergite, 
laterally by the lateral valves, and ventrally by the ninth sternum. 
Within this chamber are fopnd the genital organs of the male, their 
position and structure being exactly homologous with the male 
genitalia of the leaf hoppers. 

The styles or elaspers are always paired, both members of the pair 
being alike, and fastened to the sternal plate by apparently passing, 
near their middle, through the membrane fdrming the dorsal surface 
of the plate. The cephalic portion of the clasper projects into the 
abdominal cavity, frequently reaching the sixth segment, though 
usually extending only as far as the eighth or ninth. It does not 
seem to vary much in the different species. The apical portion, 
however, is characteristic in its shape and apical structure, some¬ 
times being nearly straight, at other times more or less strongly 
curved, and ending either in a plain acute point or in variously 
shaped and toothed extremities. So far the writer has found no two 
species in which the styles are alike in both size and structure. 

Canon Fowler, in the “Biologia Centrali-Americana,” states that 
in the genus Ccresa the styles are long and pointed, while in the . 
genus Stictocephala they are short and obtuse at the-apex. This 
is undoubtedly frequently true, but the writer has found that it does 
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not always bold in the members of these genera as the latter are now 
constituted. Thus, while in Stictocephala festina the above-men¬ 
tioned condition holds good, it is not true of S. lutea, for the latter 
possesses styles just as long and pointed as in several members of 
Ceresa, notably C. bubalus. 

As in the Cicadellidse, the styles are united by a small sclerite, 
which varies in shape in the various genera and species, but is 
always of the same shape within the species. This sclerite the 
writer has called the “style-cedagus connective,” or more simply, 
the “connective.” The former name shows its usual function in the 
leaf hoppers, for usually it unites not only the two styles, but at its 
distal end is united to the base of the oedagus. This condition pre¬ 
vails in all the tree hoppers thus far examined. Its relation to the 
styles, however, is apparently different in the two families, for in 
the leaf hoppers each style sends out a distinct chitinous process to 
which it is fastened, while in the tree hoppers this chitinous process 
is not usually present, but rather each style, at the point of attach¬ 
ment to the connective, gives off a dorsal membranous fold which 
unites with the connective, the two folds appearing heart-shaped 
basally when viewed from above. 

In all the species so far examined the connective appears as a 
rather thin, usually flat sclerite, frequently showing a distinct tend¬ 
ency to fold longitudinally along a median keel, thus drawing the 
two styles closer together. It is usually quite small, but in some 
forms, notably Ceresa borealis, it is well developed. 

The writer has not tried to determine the morphological status of 
the connective. Kornhauscr calls it the ninth sternite. Funkhouser 
does not mention it, but feels that the last sternal plate or the valves 
are the ninth sternite. That it is a sternite cannot be doubted, and 
the writer hopes to discuss its exact position in a later paper on the 
genitalia of the Homoptera-Auchenorhynchi. 

The oedagus, or penis sheath, seen laterally, is usually a V-shaped 
organ, the mouth of the V looking caudad or dorsad. The anterior 
or dorsal arm extends up to the base of the anal tube, the latter 
always being fastened to it, usually at a slight excision near its 
apex. As far as our present studies go, the shape of this arm seems 
to vary more or less even within the species, sometimes being rather 
narrow and straight, then changing till it is frequently quite broad 
and variously bent. The lower or posterior arm is the penis sheath 
proper. The penis enters it just above the usual basal angle by 
which the oedagus is united to the connective. This basal angle may 
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often be prolonged into a distinct cephalic process. This ventral arm 
varies greatly in different genera and species, but, as far as our 
observations go, is always constant in shape within the species. It 
usually extends more or less dorso-caudad, though sometimes its 
apex is bent distinctly dorsad and may even extend dorso-cephalad. 
The course of the penis through this arm is usually easy to trace in 
caustic potash specimens. 

In the genera Ceresa and Stictocephala the functional orifice is 
usually along the ventral side of this arm and at quite a distance 
from the apex. This opening in these genera is usually quite long 
and is guarded by a distinct membranous external sheath. In 8. 
festina, however, the penis opens apieally, while in Campy lenchia, 
Telamona and others it opens at or near the apex. In every case, 
however, the opening seems to lie guarded by the external membrane 
and is constant in position within the species. The shape of the 
apex also is constant for the species; in fact, the whole organ seems 
to afford an excellent specific character for use in systematic work. 
Canon Fowler’s characterization of the codagus of Stictocephala 
does not hold good for all the species of tin 1 genus. 

The cephalic portion of the styles and the dorsal arm of the 
oedagus are practically internal parts. It seems as though these 
parts have distinct layers added to them at various intervals, thus 
adding to the length of the former and to the width of the latter 
This may account for the variable condition seen in these organs, 
even within the species. The terminal portions, however, seem to 
be constant. 

The sternal plate, both as to shape and the extent of its division 
into two parts, is an excellent, and readily available character for 
taxonomic work. It may be the ninth sternite, but the question as to 
its possible homology with abdominal appendages at once arises. 
At any rate, it seems to be exactly homologous with the plates of the 
Cicadellida?. 

Further work with these genital organs will undoubtedly lead to 
their greater use in systematic work. The writer has found that 
specimens identified as identical can frequently be separated and 
properly classified by a study of these organs. It is to be hoped that 
the various genera will be studied from this standpoint in the days 
to come. If they are the writer feels that several generic changes 
will be made. Thus it would seem that the genus Stictocephala 
should be divided, for the genitalia of S. festina and & lutea cannot 
possibly belong to members of the same genus. On the other hand, 
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the genitalia of the genera Telamona and Telonaca are so near alike 
that it seems certain that the latter should never have been separated 
from the former. 

PHYLOGENY OF THE FAMILY. 

The meinbracids belong to that group of the Homoptera known 
as the Auchenorhynchi, which differs from the rest of the members 
of the order, the Sternorhynchi, in that in the latter the mouth parts 
seemingly arise from between the prothoracic legs, instead of from 
the head, as in the former. 

In this group are five families, arising from three different stems, 
of which it seems clear that the Cicadidie arise from the lowest stem 
and the Fulgorida> from the highest. In between these two families 
are the closely related membracids, cicadellids and cercopids. As 
pointed out in his paper on the Cicadellidae of Kansas, the writer 
accepts the conclusions of Funkhouser and others in making the 
membracids the lowest of these three families and the cercopids the 
highest. This relationship would therefore be expressed as follows: 



In the above figure it will be noticed that the Cercopid® are rep¬ 
resented as branching off earlier from the median stem than the other 
two families. This seems evident when their life history is consid¬ 
ered, for they have been isolated long enough to enable them to per¬ 
fect a method of protection against parasitism. Certainly the devel¬ 
opment of the production of the spittle mass which incloses the 
nymph could not have occurred quickly, but must have taken a 
relatively long period of time to attain its present perfection. 

LIFE HISTORY. 

Most of the members of this family occur on small trees or shrubs, 
particularly those growing near the edges of woods or out in the 
open. In the main they seem to avoid the shade and prefer those 
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situations where they receive the most sunshine. Most of cm 
species occur on trees, but there are several that are found on 
shrubs, and some occur on weeds, grasses and clovers. 

The majority of our species of tree hoppers are found to over¬ 
winter in the egg stage. This stage, therefore, occupies by far 
the longest period in the life history of the insect. The eggs are 
deposited for the most part in the twigs. Here they may be placed 
in simple incisions in a row, or the well-known method of oviposi- 
tion of Cereaa bubalm may be used where two curved incisions, 
facing each other, are made. Some species also oviposit in the 
buds, while our common Entylia concisa lays its eggs in the veins 
of the leaf of Ambrosia trifida. Funkhouser gives the axils of the 
leaves as the place where Telamona ampelopsidis oviposits, while 
Thelia bimaculata lays most of its eggs in the roots or on the stem 
below the surface of the soil. 

While most of our treehoppers hibernate in the egg stage, Funk¬ 
houser states that Entylia bactriana and Publilia concava over¬ 
winter as adults. The writer has taken Entylia concisa late in the 
fall in the rubbish and grass around its host plant. In fact, on 
September 8 he has found the eggs of this species just hatching, 
while on September 11 he has taken all the nvmphal instars and 
newly matured adults on a single leaf. 

The number of generations in a season is usually one, by far the 
larger number of our species having a single annual brood. Some 
species, however, have two broods and some probably three, while 
Vanduzea arquata is said by Funkhouser to have as many as four 
generations. The same is seemingly true of our Vanduzea trigut- 
tata. 

The usual life history of a tree hopper has been summarized by 
Doctor Funkhouser as follows: 

Eggs: Laid in fall, hatch in early spring. 

Nymphs: Emerge about the middle of May and require about six weeks 
to reach maturity. 

Adults: Are common about July I and persist throughout summer and fall. 

Mating: Takes place the first week after emergence, 

Ovipositwn: Occurs within* a week after mating. 

Broods: Usually one but sometimes more, dependent on weather condi¬ 
tions. 
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For a single individual the life cycle would be somewhat as follows; 

Egg stage: Fiom Septemhei 1o middle of May.8^4 months 

First jnstar. .1 week 

Second mstar ... . . . •. 1 week 

Third mstar.*.1 week 

Fourth instar.1 week 

Fifth mstar .2 weeks 

Nymph: 

Total, from middle of May to July. . 1V6 months 

Adult: From July to October (inclusive) .. . . .. . 4 months 

Entire life.14 months 

The above dates of course apply to New York and would differ 
somewhat from what occurs in Kansas. 

One of the easiest ways to find certain species of tree hoppers is 
to notice the more readily seen ants which attend so many of our 
common forms. In this way Yanduzca triguttata and Entylia con - 
cua are very easily located. It is well known that the ants obtain 
honey dew from these insects, although there are many species of 
tree hoppers which do not seem to furnish this substance' in suffi¬ 
cient quantity to attract the attention of these visitors. 

It is well known that these insects are frequently parasitized. 
Hymenopterous parasites of the family Dryinidae have been known 
to occur in several genera of tree hoppers. Doctor Kornlmuscr 
worked out in great detail the life history of such a parasite, 
Aphdopu* thclia: , which parasitizes Thclia bimacvlata. In addi¬ 
tion, tree hoppers are* often the prey oi predaceous insects and 
spiders. Of such predaceous enemies then 1 are a number of kinds, 
but it is quite doubtful if these enemies are a very vital factor in 
the natural control of the members of this family. 

ECONOMIC IMPORTANCE.' 

The chief damage done by tree hoppers is by their oviposit ion. 
The records of injury to young orchards, especially to apple, are 
many. The type of oviposition that may really be serious is that 
represented by the egg punctures of Cercm bubalus, and this species 
is seemingly the most often accused of all the species concerned. 
The writer has seen young orchards in which the outer twigs were 
all roughened up by the oviposition scars, and such cases are numer¬ 
ous in the literature. The exact damage done, however, is prob¬ 
lematical, many inclining to the opinion that as a rule the damage 
done is not serious. Others hold that in after years such sears will 
weaken the branches, causing them to be more easily broken off by 
the wind, and also furnishing good points of attack for borers. The 
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wounds made also doubtless furnish good points of entrance for cer¬ 
tain fungous diseases. 

Cases are on record also where the buds of certain trees were 
seriously injured by the deposition of eggs within them. Damage 
from such oviposition always results when eggs are deposited deeply 
in small buds. In this respect the species concerned most fre¬ 
quently are Cerem tavrina, Stictocephaia inermis and Enchenopa 
binotata. The species most injurious to stems belong to the genera 
Cerem and Stictocephala. 

Inasmuch as the nymphs of the most injurious species prefer to 
feed on the more succulent weeds and grasses in the orchard, the 
clean culture of badly infested orchards and the getting rid of 
near-by weed patches in the early summer, will usually be all the 
control measures necessary. Frequently in case of very severe in¬ 
festations the careful pruning of the worst-infested twigs after egg 
deposition is a desirable practice. 


LIST OF THE SPECIES. 


Micro centra* cargo.' (Fitch). 
Cam pyIc nchia latipes (Say). 
Enchenopa binotata (Say). 
Cerem dicer os (Say). 

Ceresa albescens Van D. 

Ceresa bubal us (Fabr.) 

Ceresa taurina Fitch. 

Ceresa palmeri Van D- 
Ceresa borealis Fairin. 

Ceresa brevicornis Fitch. 
Stietocephala inermis (Fabr.) 
Stictocephala jisthia (Say). 
RtiHocephala l utea (Walk.). 
Acutalis tart area (Say). 
Micrutahs calva (Say). 
Carynota mera (Say). 

Thelm bimacvlata (Fabr.). 
Thelia uhlen Stal 
Glossonotns acuminatvs (Fabr.) 
Hehria cristata (Fairm.). 

Hclirm scalaris (Fairm.). 

Tel am ona pyramid ata! (Uhl.). 
Telamona riridia Ball. 

Telarnona obsoleta Ball. 
Telamona decorata Ball. 
Telamona quern Fitch. 
Telamona am/pelopsidis (Harr.). 


Telamona truths Fitch. 

Ti larnona unicolor Fitch. 
Telamona extrema Ball. 
Telamona collina (Walk.), 
Telamonanthe rileyi (Godg.). 
Tclamonanthe modesta (Godg.). 
Archasia gale ata (Fabr.). 
Archasia beljrayei Stal. 

Smilia camehut (Fabr.). 
Cyrtolobvs eels us Van D. 
Cyrtolobus juhginosus (Fmns.). 

( 1 yrtolobus dreuatus (Finns.). 
Cyrtolobus jenestratus (Fitch). 
Cyrtolobus tuberosus (Fairm.). 
Cyrtolobus van (Say). 
Cyrtolobus griscus Van D. 
Cyrtolobus cinereus (Finns.). 
Cyrtolobus querci (Fitch). 
Cyrtolobus muticus (Fabr.). 
Ophid rma salnmandra Fairm. 
Ophiderma flaviguttula Godg. 
Ophiderma flava Godg. 

Yanduzea triguttata (Burrri.). 
Entylia concisa Walk. 

Publilia concava (Say). 

Publilia modesta Uhl. 

Publilia reticulata Uhl. 
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SYSTEMATIC TREATMENT OF KANSAS SPECIES. 

The three subfamilies represented in Kansas may be separated 
by the following key: 

KEY TO SUBFAMILIES. 

A. Seutellum distinct, not concealed by the pronoturn. Oentrotmie. 

A A, Scutollum wanting or concealed by the pronotum. 

B. Tibiae, especially anterior ones, foliaceous. Membranme. 

BB. Tibiae not foliaceous. Smiliinae. 

Subfamily CENTROTIK* (Spinola). 

This subfamily, represented in the United States by about half a 
dozen genera and a few more species, is readily separated from the 
other subfamilies by the presence of a usually visible seutellum. 
The genus Microccntrv$ occurs in Kansas. 

Genus Miurouentrus (Stal). 

The members of this genus that occur in the United States have 
a pronotum that leaves a large part of the seutellum well exposed 
and ends in a slender terminal process which extends beyond the 
divided apex of the seutellum. 

Both members of this genus known to occur in the United States 
have been taken in Kansas. They may be separated by the follow¬ 
ing key: 

KEY TO SPECIES. 

A. Prothorax bearing a pair of laterally flattened horns. ptrdita. 

A A. Prothorax without laterally flattened horns. carycr. 

Microccntrus carycr (Fitch). 4 

Uroxiphwt caiyw Fitch, Homop, N. Y. St. Cab., p. 52, 1851. 

Ccntrotu* carter Walker, last Homop., i\, p. 1147, 1851. 

Mtvrocentrus carytr Stal, Of, Vet. Akail. Forh , xvi, p 205, 18(J0 

Phaulorcntrv a carytr Fowler, Biol. Contr Am, Homop., n, p 150, 189fi 

Funkhouscr gives the following technical description: 

Gray-brown mottled with black: entire body broad and flat; pronotum 
roundly swollen above line of abdomen and wings; wings broadly tectiform. 

Head perpendicular, twice as broad as long, roughly sculptured, closely punc¬ 
tate, densely pubescent, deep brown at base; eyes prominent, extending be¬ 
yond lateral margins of pronotum, dark brown margined with lighter; ocelli 
small, pearly, farther from the eyes than from each other, with deep depression 
between them; clypeus prominent, broad, lighter in color than vertex above, 
extending far below lateral margin of head. 

Prothorax subspherical, with high median carina, coarsely punctate, pubes¬ 
cent; light brown marked with black on median ridge and above head; pos¬ 
terior margin truncate except for narrow process, which projects to angles of 
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tegininu and short sharp tooth on each ktero-posted or angle. Scutellum 
broadly exposed, wide at base, truncate at tip, which does not reach apex of 
posterior process. 

Tegmina translucent, pubescent, inner margins straight and meeting at 
median dorsal line; veins prominent and nodulate; apices of tegmina extend¬ 
ing beyond tip of abdomen. Logs and undersurface of body light brown 
mottled with white. Undersurface of abdomen often tomentose. 

Length, 9-10 mm.; with, 3 mm. 

Distribution. Van Duzee records this species from Ontario, New 
York, New Jersey, Pennsylvania, North Carolina and Ohio. In the 
Crevecoeur collection is a specimen taken in Pottawatomie county, 
Kansas, thus establishing its occurrence in the state. 

Hosts. As indicated by the specific name, this species occurs on 
hickory. Funkhouser reports it on oak also. Matausch gives swamp 
oak and walnut, and Coding mentions the latter. 

M icrocentrus pc relit a (Amyot & Serville). 

he dm perdita Amyot & Spin ilk*, Hoimp , i> 077, pi. 11, fig 5, 1843 

Ccntrurhus hibrcki Ckxlmg, 111. St. Lali. Nat Ili&t, m, p 471, 1810. 

Microcintru* perdita Baker, Can. Ent.. xxix, p 38, 1897 

C( ntruvhoidt perdita Van Duzee, Bui. Buf Sop. Nat Set , iv, p 117, 1J>08 

Coding describes this species as follows: 

Yellow-ferruginous, silky white between lateral horns; behind horns a spot, 
on costal margin, near base of tegmina. Head black, broad, eyes very prom¬ 
inent; base convex, gnxeou*, lower part of fact* strongly declivous; four rough¬ 
ened canna* pass along face from base downward, the ocelli being m the two 
internal ones, the outer ones being contiguous to the eyes; part, of face below 
eyes triangular, apex yellow. Ocelli equidistant from each other and the eyes. 
Prothorax convex, lateral angles slightly produced, a prominent median carma 
extending from base to apex neatly black. Above the lateral angles, on each 
side, is a long horn or protuberance, flattened latoiAlly, slightly curving upward, 
outward and forward, the apex truncated; width of base and apex equal. Apex 
of scutellum hidentate, the teeth ivory-white; posterior margin of prothorax 
with a very slender tooth or style, extending backward on each side of pos¬ 
terior process of prothorax, a little distant from it. The entire surface of the 
prothorax densely and regularly punctured. Apex of tegmina far surpassing 
tip of abdomen; a black spot on the internal margin a short distance from the 
apex; another black spot on the costa, about one-third the distance from the 
base. Tarsi black; legs mottled with ferruginous and grayish-yellow; tibiae 
triquetrous. T egmina lightly ferruginous and opaque. 

Length to apex of tegmina, v 8.5: inm.; width at lateral angles, 3.2 mm. 

Distribution . Reported from Massachusetts, New Jersey, Penn¬ 
sylvania, Florida, Colorado and New Mexico. Specimens have also 
been taken in Riley county, Kansas. 

Hosts. Van Duzee reports this specicn from scrub oak. 
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Subfamily MEMBRACING (Stall. 

The moinbors of this subfamily differ from all other membraeids 
of our fauna by having the prothoraeie and mesothoraeie tibia) 
foliaceous. As in the following subfamily, the pronotum conceals 
the scutellum. 

Two genera occur in Kansas which may be separated by the fol¬ 
lowing key: 

KVA TO (JKNEHA. 

A. Lateral ridges of anlonoi horn nearer doDal canna; \ential canna of horn 
not, distinctly foliaceous. i'mnpylt urlmi. 

AA. Lateral ridges of anterior horn Midway between dorsal and ventral 
canna*; latter distinctIv foliaceous Enehf nopa 

(hiNt’s (\\mpylknchia (Stall. 

This genus, the chief characteristics of which appear m tlie above 
key, is represented by a single though widely spread speeie> in the 
United States. 

Campylrnchia latipes (Say). 

(PI YT, V, 10 ) 

Mt whraas latipes Sav, Long* 2nd Lxi»t><l , n. p 80*2, 1824, I'ompl Writ , i, p 202 
Emhophyllum latipes Fitch, Tlomop N V St Cub, p 47, 18.'»J, 

Em In no pa lattpis Walkei, List Hnmnji , n, p }s2, 1851 
Enelu no pa antamna W»lki*i, List Tlomop., it, p 48*, I851 
h Inrhenopa venom Wnlk«*r, Li->» Hornop , h. p 488, is.M 
h'mlunopa fnyida Walkct, List Jbmiop , n, p 400, 

Emhinopa hi macula Walkct, List Jlomop . n. p. 401, 18f*l 
('ampylenchm nnvata Stal, llcnup Fain , n, p 48, 180'* 

Emhinopa nnvata Filler, Bui V S. Geol. (Jc<»r Sur\ , j, p 318, 1870, n>, p 457, 1877. 
If 'onophora cuivata Butler, Cts»t. Knt , n, p 840, Ij-uT 
E< hniopa rectiilorsum Buckttm, Muiiog Alcinlii , p 1*1, 1008 
CampyU nr hut latipes \ an Du zee, Can Knt , xliv, p 820, 1912 

Fuukhouser gives the following technical description: 

Uniform cinnamon brown, densely punctate, sparingly pubescent; single 
porroet pronotal horn projecting forward over head; head and first two pairs 
of legs broadly foliaceous, hind logs spmed; tegmina opaque, punctate at basal 
and costal margins. 

Head quadrate, somewhat declined, shining brown somewhat mottled with 
darker, lightly punctate, densely pubsecent; eyes prominent; ocelli small, 
pearly, equidistant from each other and from the eyes and situated on a line 
passing through centers of eyes; elypeus very broad, shining, scarcely punctate, 
broadly truncate at apex, tip strongly pubescent. 

Prothorax produced anteriorly into a long, flattened horn, ridged in center 
and foliaceous abo\e and below, varying greatly in length and degree of curve; 
posterior process strong, tectiform, reaching internal angles of tegmina; 
median dorsal carina strong and porcurrent; entire pronotum eoncolorous, 
lightly punctate, sparingly pubescent with golden hairs; median lateral ridge 
reaching lateral margin. 

Tegmina yellow-opaque; basal and costal areas punctate and pubescent; 
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veins distinct, broad, and slightly pubescent; five apical and two discoidal 
cells; hind wings iridescent. Two anterior pairs of legs broadly sp&tulate and 
lightly pubescent at margins; posterior tibiae armed with black-tipped spines; 
tarsi much produced and lighter in color. Undersurface of body chocolate 
brown. 

Length: from head to apices of elytra, 5 mm.; from tip of promote! horn 
to apices of elytra, 8 mm. Width between humeral angles, 2 mm. 

Internal male genitalia. Styles with long flattened anterior proc¬ 
ess, widest apieally, with a distinct prominence at attachment to 
connective, caudad of which they are peculiarly wrinkled and show 
a small but distinct mesal lobe, then widest just caudad of wrinkled 
portion, utter which they curve laterad, ending in a dotibly pointed 
apex, of which the terminal tooth is larger and more slender than 
the anterior one, the apical third of the styles bearing a few short 
hairs; connective short and wide, basal half with a heavily chitinized 
and flattened V-shaped portion; oedagus, viewed laterally, stout and 
broadly V-shaped, widest at the distinctly notched base, the upper 
basal process also slightly notched, narrowest at the bend and then 
widening till near the apex, the eaudo-dorsal portion of which is only 
slightly chitinized, the functional orifice being at about the middle 
of this slightly chitinized area, the upper portion of the apex bearing 
a few distinct file-like teeth. 

Distribution. Van Duzee gives the following distribution for this 
species: Ontario, Maine, Wrmont, New York, New Jersey, Penn¬ 
sylvania, North Carolina, Illinois, Iowa, Kansas, Missouri, Colo¬ 
rado, Wyoming, Montana, Texas, New Mexico, Arizona, and Cali¬ 
fornia. Osborn reports it from Florida. It is thus seen to extend 
throughout the United States. 

In Kansas specimens have been taken in the following counties: 
Douglas, Ottawa, Pratt, Hodgeman, Clark, Pottawatomie, Labette, 
Bourbon, Wabaunsee, Russell, Riley, Ellis, Ellsworth and Wyan¬ 
dotte. 

Hosts. Funkhouser gives the following hosts for this species: 
Aster, daisy, joe-pye weed, alfalfa, prickly lettuce, wild carrot. 
Miss Branch mentions golden rod and sensitive rose. Gillette and 
Baker report it from Glycyrrhiza lepidota, Psoralea tenuiflora and 
Apocymnn andromemifolium. The writer has found it very abun¬ 
dantly on alfalfa. 

Genus Enchenopa Amyot & Serville. 

But two members of this genus are known to occur in the United 
States. The widely distributed E. binotata occurs in Kansas. 
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Enchenopa binotata (’Say). 

(PI. V), figs 11, 12A 

Mcmbracis binotata Say, Long'ts 2nd Exp* 4 *!., ii, P- 301, 1824; Compl. Writ,, 1, p 20L 

Enchophyllum bmotatum Fitch, Homop N. Y. Si. Cab, t>. 47, 3851 

Enchenopa binotata Walker, List Homop, h, j> 481, 3 851. 

Enchenopa forms Walker, List llomop., n, p. 492, 1851. 

Thrlxa binotata Emmons, Nat Hist. N. Y. Ina., p. 156, 1854. 

Emhenopa bifusifera Walkci, List Homop , Suppl., p. 125, 1858. 

Enchenopa bivittata Rathvon m Mombort’s Hist, latino. Co , Pa., p 551, 1869 

Enchenopa purred a Buekton, Monog. Membr , p. 51, pi 6, fig. 5, 1902 

Funkhouser gives the following technical description: 

Much resembling the preceding species in size and in general appearance, 
but differing in shape of the head, m shape of sculpturing of the pronotal 
horn, and in bearing two yellow spots on the dorsal line of the pronoturn. 

Head longer than broad, uniform brown, finely but densely punctate, spar¬ 
ingly pubescent; eyes prominent, very deep brown; ocelli yellowish, farther 
from each other than from the eyes; clypeus longer than broad, Tounded at 
tip. not punctate. 

Prothorax finely punctate, sparsely pubescent; two distinct ridges on each 
side, the upper extending to the lateral margin; pionotal horn strongly curved, 
broadly fohaceous above, triquerate at tip; median dorsal carina high and per- 
curront; two dorsal spots of lemon yellow, the anterior about twice as Jong 
as the posterior; posterior process gradually acuminate, ext ending slightly 
beyond internal angles of tcginirm. 

Tegnuna concolorous brown, opaque, costal margins slightly punctate, and 
feebly pubescent at base, veins distinct, five apical and one discoidal cell 
First two pairs of legs broadly fohaceous; hind tibise spinet!; tarsi thin 

Length 5 turn ; width 2 mm. 

Internal male genitalia. Styles stout, anterior portion longer and 
broader than posterior, with a rounded prominence to connective, 
wider just caudad of this, apices strongly hooked and truncate, the 
apical point being slightly longer than the anterior one, with a few 
hairs on the terminal third; connective heart-shaped, broad, a basal 
V-shaped band heavily ehitinized; erdagus, viewed laterally, 
strongly curved, base very wide and extending dorsad in a large 
rounded prominenee which is separated by a broad notch from the 
pointed attachment to the connective, the apex pointed and with 
functional orifice below the tip, the dorsal surface of which bears 
a number of filelike teeth. 

Distribution . Van Duzee reports this species from Ontario, Mas¬ 
sachusetts, New Hampshire, New York, New Jersey, Pennsylvania, 
Maryland, District of Columbia, North Carolina, Florida, Illinois, 
Iowa, Michigan, Kansas, Missouri and Texas. In Kansas speci¬ 
mens are reported from Douglas, Riley, Sedgwick, Bourbon and 
Pottawatomie counties. 
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Fowler records it from Mexico, Guatemala and Panama. It is 
thus seen to occur throughout the eastern United States and down 
through Centra) America, 

Hosts . Funkhouser gives the following hosts: Locust, wild grape, 
bittersweet,, hickory, sycamore, butternut, dogwood, daisy, joe-pye 
weed Miss Branch adds golden rod and pin oak. Matausch gives 
Viburnum. Coding records it from butternut-, birch, apple, walnut, 
grape, hop tree, locust, redbud, cherry, Viburnum , Cvanothus and 
white birch. The writer has taken it chiefly on locust, Ceanothus 
and walnut. 

Subfamily SMILIlNiE (Stall. 

This subfamily includes all but the three preceding members of 
our fauna. In all of them the pronotum conceals the seutellurn and 
the tibiae are not foliaceous. The seventeen genera occurring in 
Kansas may bo separated by the following key: 

KEY TO GENERA 

A. Tegmimt entirely free, not covered by pronotum. 

B. Veins of coriuni closely united at base 

C. Suprahumeral horns present. Cere so 

CO. Suprahumeral horns absent Stictocr phala 

BB. Veins of corium widely separated at base. 

C. Tegmma with five apical cells; veins distinct. Acutalis. 
CC. Tegmma with four apical cells; veins indistinct. 

* Micrutalis . 

AA. Tegmma partly or entirely co\ercd by pronotum. 

B. Terminal cell of hind wing sessile, its base truncate. 

O. Pronotum without horn or crest 

D. Dorsum low and rounded. Carynota. 

DD. Dorsum high, compressed, and foliaceous. Archasia. 

CO Pronotum with horn or crest. 

D. Horn antenor and porrect. Thelia. 

DD Horn a flat dorsal crest. 

E. Crest arising from between humeral angles. 

Glossonotui s'. 

EE Orest arising from behind humeral angles. 

F. Crest strongly step-shaped. Ileliria. 

FF. Crest sometimes slightly, but not usually step¬ 
shaped 

G Basal costal cell of tegmina not entirely 
. punctate. Telamona . 

GO. Basal costal cell of tegmina entirely 
punctut e. Telamonanthe. 

BB. Terminal cell of hind wing triangular and petiolate. 

C. Base of corium with three veins. 

D. Corium without cross-veins at base. Smilia . 

DD. Corium with cross-veins at base. 

E. Dorsum strongly compressed. Cyrtolobus. 

EE. Dorsum rounded. Ophiderma, 
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CC. Base of coriiun with two veins. 

D. Apical cell of tegmina transverse. Vanduzea. 

DD. Apical cell of tegmina triangular. 

E. Dorsum strongly elevated, with deep median notch. 

Etdylia. 

EE. Dorsum slightly elevated, with weak median de¬ 
pression. Pubhlia: 


(iKNis Ceres a Amyot & Serville. 

To this genus belong our commonest species, most of which are 
green and all of which are at once recognized by their prominent 
suprahumernl horns. 

The seven species known (o occur in Kansas may be separated by 
the following key: 


KVA 'IO SPECIES 

Species brown 

B, Species larger and very hain ; suprahurnerals not recurved, otic 
white band on posterior process, tltccro*. 

BB Species smaller, with few hairs. Minvahumerals reclined: two white 



bands on postenor process 

alb< .sc< ax. 

Species green. 


B 

Dorsal crest marked with brown or reddish. 



C. Suprahurnerals short and slightly recurved. 

pal mm 


CC. Suprahurnerals longer and strongly recurved 

enn^ttws 

BB 

Dorsal crest concolorous. 



C. Species small, 7-8 mm. long 



D. Very hairy species 

bore frit*. 


DD. Sparsely haired species 

h rc vi corum 


CC. Species large, 8-10 mm long. 

D. Supmhumorals long, sloping upward and recurved; ely- 
peus much produced beyond vertex. taurina 

DD. Suprahumernl'' stout, nearly straight, olypous sdiort 

, huhnlus. 

Car cm diccrox (Sav). 


(PI 111, fitfs. 1, 2.) 

Mcmkiafi* (hunts Sav, Long’s 2nd Kxp**ri . n, p *21*0, 1S 2 4; tornp! Win . i, p J«#si 
Smtlm (herros Orrnar, Sill) Ri»v Ent , in, p 237, 1H37> 

Ct rcm ptuffttfit mta Amvot *V Small**, H**ni., p 510, pi 10, s t i^42 

Ccrcsa fhccros Kamnaitc*, Ann So** Knt Ft , set 2, jv . p 285, 1SU> 

Ctrcm ntidah# Thiekioti, Monojz Mnmhr , p 172, pi. 3<i, H-3b, 1003, 


Funkhouser gives the following technical description: 

Dark brown with transverse bands of yellowish white; suprahuiucrnl horns 
stout and blunt; posterior )>rocess declined; tegmina smoky hyaline. 

Head broader than long, sculptured, basal part strongly and smoothly 
curved, front surface light yellow faintly marked with brown, faintly longi¬ 
tudinally ridged, very slightly or not at all punctate or pubescent; eyes 
prominent, extending beyond adjoining lateral margin or pronotum; ocelli 
shining, transparent, nearer to each other than to the eyes; sclerites of front 
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projecting over clypeus at internal angles with a small hook; clypeus strong* 
swollen, roughly three-lobed, the central lobe the largest, tips strongly hirsute. 

Pronotum densely and coarsely punctate; anterior surface slightly convex, 
light yellow with numerous brovrn markings, sparingly pubescent with rather 
long hairs; suprahumeral horns projecting outward and very slightly back¬ 
ward; lateral surfaces not pubescent, brown with two transverse light bands, 
the anterior broad and irregular in about center, the posterior narrower and 
regular just before apex of posterior process; posterior process gradually acute, 
extending beyond internal angles of tegmina. 

Tegmina hyaline, tips smoky, bases opaque and lightly punctate; five apical 
and three discoidal cells. Undersurface of body very dark brown. Femora 
dark brown above; tibia? and tarsi ferruginous. 

Length, 9 mm.; width between humeral horns, 5.5 mm. 

Internal nude genitalia. Styles stout, varying much in the length 
of the cephalic part which, at its greatest length, is shorter than the 
part caudad of the connective, the sharply pointed caudal portion 
bearing two rows of long hairs; connective longitudinally keeled, 
when open nearly twice as long as wide, base concave, apex nar¬ 
rowed but obtuse; (cdagus, viewed laterally, much as in Ceresa 
bubalm , but with dorsal process usually more pointed apicallv and 
the ventral process distinctly narrower and more acute apicallv. 

Distribution: Van Duzee reports (his species from Nova Scotia, 
Ontario, New York, New Jersey, Pennsylvania, Maryland, North 
Carolina, Ohio, Illinois, Iowa, Kansas, Missouri, Dakota, Colorado, 
Texas, New Mexico and Montana. It is therefore one of our most 
widely distributed species. In Kansas specimens have been taken in 
Douglas, Miami, Neosho, Bourbon, Pottawatomie, Riley, Shawnee 
and Saline counties. 

Hosts: The usual host for this species is elderberry. Funkhouser 
gives the following additional hosts: Locust, oak, sycamore, sweet 
clover, blackberry and butternut. 

Ceresa albescens Van Duzee. 

Ctrt*a a! bis a m Van Duztv, Kill But So c Nat Sn , i\, i>. 33, 1W0H. 

Cert w buhulus vnr. a and b Fituh, Homop. N V St Cab,, p. 50, 1851. 

The following is the original description: 

A little smaller and paler than dicer ox, to which it is closely allied. Prono¬ 
tum as in dice ms, but with the suprahumeral horns more acute and recurved 
and tipped with black, and the apex longer and more slender. Face, front 
and superior surface of the pronotum greenish- or yellowish-white with scarcely 
a trace of the niaeulations found in dicer os; apex of the head less produced, 
the tylus scarcely longer than the cheeks. Bides of the pronotum paler, fer¬ 
ruginous, becoming somewhat fuscous posteriorly, irrorate with paler and 
marked with a pale marginal line and sometimes with an oblique median 
vitta; protracted apex whitish with a black tip and ferruginous median vitta; 
outer surface of the suprahumeral* dark ferruginous, differentiated from the 
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ferruginous sides by the pale lateral line which nearly attains the apex of the 
horns. Legs and beneath ferruginous, the femora darker. Last ventral seg¬ 
ment of the female a very little oblique and rounded to the median notch, 
which is triangular, acute, and reaches the middle of the segment. Plates of 
the male not attaining the apex of the anal tube Elytra almost hyaline, not 
smoky brown as in dicer as , nervures ferruginous. Length, 8-9 mm. 

Distribution. Van Duzec reports this species from Ontario, New 
York, and Kansas. Matauseh took specimens in New Jersey. The 
Kansas specimens were taken at Effingham, Atchison county. 

Hosts. Matauseh gives Viburnum as a host. 

Ccrcsa paltnvri Van Du zee. 

(Pi in, a, 4 > 

Crrcm pulmcn Van Can. Knt , \l, 114. UK1K 

Funkhouscr gives the following technical description: 

Near ('crcsa const an#, but differing particularly in shape of the supra- 
humeral horns, which are short, terete, and but little recurved; small, reddish 
specie*, with proiiotmn rather high, not pubescent. 

Head wider than long, yellowish, only faintly sculptuicd. not punctate; 
eves prominent, reddish with white borders, extending beyond adjoining lat¬ 
eral margins of pronotum; ocelli not prominent, pearly with reddish margins, 
ntaror to each other than to the eyes, clypeu* continuing lateral margin of 
face, swollen and pubescent at tip. 

Pronotum yellow-green, very strongly marked with brown and reddish; 
dorsal crest curved, strongly marked with red; lateral semicircular impression 
faint, area within it lighter in color than surrounding pronotum; posterior 
process slightly curved downward, about reaching tip of abdomen but not 
extending halfway to extremities of tegmina. 

Tegmma hyaline, wrinkled, bases slightly punctate. Undersurface of body 
yellowish. Legs eoncolorou* yellow-green m life, fading to pale yellow in 
cabinet specimens. * 

Length, 8 mm ; width, 3.5 nun. 

Internal male genitalia. Styles large and stout, widest just 
caudad of attachment to connective, then broad until suddenly 
narrowed to the acute apex, caudal third with a fringe of long 
hairs extending nearly to the, apex on the outer margin, but stop¬ 
ping considerably cephalad of the apex mesally; connective elongate 
heart-shaped; oedagus, viewed laterally, with dorsal process of 
mediuln width, ventral process more heavily chitinized and quite 
stout until near the quite acute apex, the membrane guarding the 
functional orifice large and about midway between the base and 
apex of the process. 

Distribution. Van Duzec reports this species from Ontario, New 
York and North Carolina, Specimens have been taken in Kansas 
in Linn, Bourbon, Hodgeman and Cowley counties. 
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Hants. Funkhouser gives young hickory as a host, while Metausoh 
took numerous nymphs of the species from Liquidambar . 

Ceresa constans (Walker). 

Thcha constaus Walkei, Lihl Iloniop , 11 . ]• 1851 

Ccrcsu const aim Stul, Of Vet. Akad. Koih., xnvj, j>. 245, 1K1W 

Ceresa subulata Provmu*h<M, Pot Faun* Ent. (Ian, hi. p. X88, 1800 

Ctrata tilth mentis Coding, Bill. Ill Si Lab Nab lliat , in, p 404, 1804 

Funkhouser gives the following technical description: 

Small and distinct I\ reddish, dorsal crest low, median lateral line led; nieto- 
pidiuni convex; horns sharp and much recurved; posterior process nearly 
straight, usually tipped with red; head triangular; teginma and wings hyaline. 

Head suhtnangular, weakly sculptured, faintly longitudinally furrowed, very 
finely and lightly punctate, not pubescent; ryes prominent, datk brown with 
lighter edges, extending beyond adjoining lateral margins of pronotum; ocelli 
glassy, nearer to each othei ihan to the eyes; clvpeus much longer than wide, 
extending foi more than half its length beyond lateral margin of face, lip 
hirsute. 

Pronotum deeply and coarselv punctate, not pubescent, median carina 
prominent; dorsal crest low, rising but little higliei than tips of suprahumeial 
horns; horns slender, sharp, much recurved, extending upward and curving 
backward; rnetopidium convex, regular; lateral semicireulai impression deep, 
eoncolorous; posterior process nearlv straight, not reaching the extremity of 
the abdomen and reaching bandy one-third the distance to the lips of the 
tegmina. 

Tegmina hyaline Undersurface of body and legs yellowish. 

Length, 8 mm.; width, 4 mm. 

Distribution . Van Duzee reports this species from Ontario, New 
York, North Carolina and Illinois. Specimens have also been taken 
in Riley county, Kansas. 

Hosts. Funkhouser gives locust as the host. 

t'errsa borealis Fairmairo. 

(PI. Ill, figs. t, s > 

Crrtsa hart aim Fan mam*, Ann Soe Ent Fi , w»*i 2, i\, p 28 1, 18U>, 

Funkhouser gives the following technical description; 

Kesembhng C bubal us in general outline, but much smaller and very hairv; 
rnetopidium convex; dorsum curved, posterior process only slightly decurved; 
head impunctate; notch of last ventral segment of female broad and tri¬ 
angular. 

Head broader than long.'yellowish, roughly sculptured, faintly longitudi¬ 
nally striate, not punctured nor pubescent; eyes prominent, mottled w r ith 
green and brown, extending beyond adjoining lateral margins of pronotum; 
ocelli small, reddish, much nearer to each other than to the eyes; clypeius 
rounded, somewhat protruding, extending for more than half its length below 
lateral margin of face, tip hirsute. 

Pronotum green, finely, deeply and densely punctate, very hairy; meto- 
pidium convex; median carina faint; suprahumeral horns stout, blunt, nearly 
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straight, projecting almost directly outward; dorsal crest regularly arcuate; 
lateral semicircular impression nearly obsolete; posterior process curving 
slightly downward, not extending beyond tip of abdomen and reaching only 
for a short distance beyond internal angles of togmina. 

Tegrnina entirely hyaline, somewhat wrinkled, bases lightly punctate. Legs 
and undersurfaces of body concolorous greenish. 

Length, 8 mm.; width, 4 mm. 

Internal i male genitalia. Style very large when compared with 
the other members of the genus, anterior process short, a small but 
distinct knob to the connective, posterior portion extending straight 
until considerably past the connective, then bending rather abruptly 
laterad and ending in a tip that on its mesa] margin bears a number 
of small but distinct teeth; connective very long and rather slender, 
notched at base; cedagus, viewed laterally, small, with dorsal proc¬ 
ess -strongly humped, the ventral process with basal knob, then ta¬ 
pering regularly to acute tip, membrane around functional orifice 
at middle third. 

Distribution. Van Duzee records this species irom Ontario, New 
York, New Jersey, Pennsylvania, North Carolina, Ohio, Kansas, 
Colorado, and Utah. In Kansas specimens have been taken in the 
following counties: Cowley, Sumner, Bourbon, Cherokee, Chau¬ 
tauqua, Douglas, Riley, Shawnee, Crawford, Miami, Linn. Neosho, 
Rawlins, and Ottawa It is thus seen to extend well over the state. 

Hosts. Funkhouser gives the following host list for this species: 
Wild grape, locust, elder, willow, oak, hickory, pignut, raspberry, 
sycamore, apple, and pear. 

Cerem brevicornis Fitch. 

Cficm hrt ncornis Filch, Tunis, N, Y St. Aj?i* Stic, x\i, |» 451 , 1 * 515 , 

The following is the original description: 

This is so similar to the common Buffalo tree hopper that it will scarcely 
be distinguished from it except by a practiced eye, although it, is undoubtedly 
a distinct species It, differs from that m having the horns much more short, 
and the sides of the thorax when viewed in front are not gradually curved out¬ 
wards, but are straight or rectilinear, with the horns abruptly projecting from 
the corner at the upper end of this line. The acute spine at the tip of the 
thorax is also more long and slender. The thorax between the horns is slightly 
convex. The dried specimen is of a pale dull yellow color freckled with faint 
pale green dots and with a paler straw-colored stripe, quite distinct, upon the 
angular sides of the thorax from each eye upward to the horn and from thence 
to the summit of the thorax. 

Length of the female, 0.36. 

It was met with upon hickory bushes in New Jersey. 



56 


The University Science Bulletin, 


Distribution . Van Duzee reports this species from Ontario, Con¬ 
necticut, New York, New Jersey, Pennsylvania, Ohio, and Illinois. 
A single specimen taken at Kansas City, Mo., and determined by 
Dr. E. D. Ball, evidently puts this species within our range. 

Hosts. Van Duzee gives basswood as a host. 

Ceresa taurina Fitch. 

(PI. II, 8, 4.) 

MvmbraciH taurina Hurii&, Lint Ins. Muss in Hitchcock, Geol. p. 570, 1833 (MS 

name). 

JEnehcnopa taunna Walker, List Homop., n, p. 405, 1851 (MS name). 

(Jervsa taunna Fitch, Tunis. N. Y. St. Agr. Hoc., xvi, p. 835, 185#. 

Funkhouscr gives the following technical description: 

Slightly smiiller than C. bubalux, but resembling it in color; body slender 
and metopidmm concave transversely; horns sharp, curving upward and back¬ 
ward. 

Head roughly triangular, wider than long, loughly sculptured, not punctate 
nor pubescent, basal maigm strongly curved; eyes prominent, brown and in 
sonic cases barred with darker, extending beyond the adjoining lateral mar¬ 
gins of the pronotum; ocelli prominent, pearly, occasionally margined wath 
reddish, nearer to each other than to the eyes; dypeus subrectangular, swollen 
and protruding, extending for half its length beyond lateral margin of face, 
faintly trilobed, apex bristled. 

Pronotum deeply and coarsely punctured, bright green fading to yellow 7 , 
sparingly pubescent; metopidium strongly concave, with curved, transverse 
margin, area above eyes smooth; suprahumeral horns slender and sharp, ex¬ 
tending upward and backward, often much curved, tips generally darker than 
bases; dorsal crest high and strongly curved; semicircular lateral impression 
deep and brownish; posterior process slender, strongly decurved, extending 
beyond apex of abdomen and halfway to tips of tegmina. 

Tegmina and wings entirely hyaline. Underparfo of body and legs yellow- 
green. 

Length, including tegmina, 9 mm.; width between tips of horns, 5.5 mm. 

Internal male genitalia. Styles with anterior part weak, strongly 
narrowed near middle of connective, then much widened into the 
large posterior portion, which ends in an oblique and serrate tip, 
both margins of the caudal half of the posterior portion bearing 
long hairs; connective long and rather narrow, folding longitudi¬ 
nally, and with the usual basal incision; oedagus, viewed laterally, 
with basal process long and slender, with a distinct knob at point of 
attachment to the connective, the ventral process rather narrow, 
tapering gradually to subacute tip, functional orifice covering the 
middle third of the ventral side. 

Distribution. Van Duzee reports this species from Ontario, Mas¬ 
sachusetts, New York, New Jersey, Pennsylvania, Virginia, North 



Lawson: Membracid® of Kansas. 


57 


Carolina, Ohio, Michigan, Iowa, Kansas, Colorado, and Arizona. 
Specimens have been taken in Kansas in Sumner, Hodgeman, Doug¬ 
las, Riley, Shawnee, Ottawa, Linn, Cherokee, Bourbon and Miami 
counties. 

Hosts. Funkhouser reports this species from the following hosts: 
Raspberry, hickory, potato, blackberry, dahlia, hazelnut, locust, 
witch hazel, blue grass, oak, pear, apple, sweet clover, and bitter¬ 
sweet. Miss Branch adds horseradish and choke cherry. Matausch 
mentions Solidago. 

Ceresa bubalus (Fabricius). 

(PI n, figs. 1-2 and 6-8 ) 

Mcmbnuis bubalus FabrinuH, Ent Syst , i\, p< 14, 1794. 

Ccntiatus bubalus Fabncms, Sysl lihyng., p. 20, J80J?. 

Ctresa bubalus Pitch, Honiop N Y Si Cab., p. 50, 1851. 

Funkhouser gives the following technical description. 

Bright green fading to yellowish m cabinet specimens; horns heavy and 
stout, pointing directly outward; metopidium broadly convex; dorsal crest 
high and regularly arched; posterior process slender and recurved; tegmma 
and hind wings entirely hyaline; olypeus heavy, stout, and bristled. 

Head one-third broader than long, longitudinal striate sculpturing; basal 
part broadly curved, front surface yellow, not punctate nor pubescent; eyes 
prominent, dark brown, extending beyond lateral margin of pronotum adjoin¬ 
ing; ocelli prominent, protruding, with brilliant orange borders, nearer to each 
other than to the eyes; clypeus strong, heavy, continuing lateral outline of 
face, apex bristled. 

Pronotum densely and coarsely punctate; metopidium strongly convex, 
smooth impunctate areas above the eyes, sparingly pubescent with short scat¬ 
tered hairs; suprahumeral horns stout, blunt, projecting almost directly out¬ 
ward, not at all upward, tips often brownish, whitish line extending backward 
from tii> to lateral margin; lateral surface marked with light-colored semicir¬ 
cular impression; posterior process slender, depressed, extending half way to 
apices of tegmma and slightly beyond tip of abdomen, apex brownish. 

Tegmina; hyaline, bases lightly punctate. Undersurface of body yellowish. 
Legs greenish. 

Length to apices of tegmina, 10 mm.; width between horns, 6 mm. 

Internal male genitalia. Styles seemingly varying considerably 
in size, usually large, the anterior portion about as long as the 
posterior, which ends in a sharp point which is usually perfectly 
smooth, but sometimes bears a few indistinct teeth, the margins 
with two rows of hairs of which the outer one is longer and consists 
of longer hairs; connective about oval in outline, the base incised 
and with a distinct tendency to fold along a longitudinal keel; 
cedagus, viewed laterally, with the dorsal process varying from 
rather slender and straight to quite stout and hunch-backed, the 
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ventral process of medium thickness, the apex acute and with the 
usual membrane around the functional orifice near the middle third. 

Distribution. This species occurs throughout the United States 
as shown by the following records of its distribution given by Van 
Duzee: Nova Scotia, Ontario, Now Hampshire, Massachusetts, New 
York, New Jersey, Pennsylvania, Maryland, Delaware, North Caro- 
. lina, Tennessee, Ohio, Indiana, Illinois, Iowa, Minnesota, Kansas, 
Missouri, Dakota, Montana, Wyoming, Colorado, Utah, New Mex¬ 
ico, Texas, and California. 

As far as our collecting in this state shows, this species is by far 
the most widely distributed, specimens having been taken in the 
following counties: Douglas, Wilson, Riley, Comanche, Russell, 
Butler, Pawnee, Finney, Graham, Rawlins, Cherokee, Wallace, 
Harper, Shawnee, Wyandotte, Allen, Decatur, Harvey, Saline, Neo¬ 
sho, Sumner, Reno, Hodgeman. Osborne, Labette, Anderson, Potta¬ 
watomie, Wabaunsee and Ottawa. 

Hosts. The list of plants on which this species feeds is very 
large, including many weeds and trees. Funkhouser records it 
from the following hosts: Sycamore, aster, poplar, potato, butter¬ 
nut, hazelnut, pear, sumac, oak, locust, elm, willow, elder, sweet 
clover, hickory, pignut, apple. Miss Branch reports it from osage 
orange, horseradish, gama grass, sunflower and alfalfa. Coding 
records it from apple, potato, tomato, pear, peach, plum, grape, 
apricot, almond, willow, locust and Japanese lily. Gillette and 
Baker report it, from willow, apple, soft maple, Sol id ago spcctabilis , 
Aster canescens , Apocynum androsennijointm , alfalfa , and (flyer - 
rhiza Ivpidola. The writer has taken it most frequently on apple, 
locust, hickory, sweet clover and alfalfa in Kansas. 

Genus Stictocephala Stal. 

The members of this genus are greenish species, which differ from 
those of the preceding genus by lacking the suprahumeral horns. 

The three species occuring in Kansas may be separated by the 
following key: 

KEY TO SPECIES. 

A. Carinate sides of the metopidium meeting before the middle of the body. 

inermis. 

A A, Carinate sides of the metopidium meeting at or behind the middle of 
the body. 

B. Oarinale sides of the metopidium meeting at or near middle of 
dorsum. lutea. 

BB. Carinate sides of metopidium meeting much behind middle of 
dorsum. festina. 
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Stictocephala biennis (Fabricius). 

(PI. IV, h(f» 1, 2, mill 5-8.) 

Mtmbrans inerrms Fubncms, Sjst. Knt., p. 077, 1775 

Cicada ivermis Gmchu in Linnaeus, Svst. Nat., t*dn. J3, i, i>t. 4, p. 2093, 1788 
Centrotwn wcrmis Fabnmis, Sypl. Rhyng., i». 21, 1803. 

Memhrans gomphora Say, Jl. Acad. Nat. Sn. Phila , vj, p. 243, 1830, Coinpl. Writ,, 
ii, p. 377. 

tinnha uurmix Fitch, TToinop. N Y. St. Cab., p 48, 1851 

Ccrcsa gonophora Walker, List Homop , iv, p 1141, 1851 

Thelm imrmia Walk**!, List llomop, iv, p. 1142, 1851 (under lutea) 

Stictocephala iturmm Stal, Of Vet. Akad. Fork., xxvi, p. 210, 1809 

Stittofsphala sanyuiuo-aphalts Coding, Bui. Ill, St. Lab. Nat Hist , m, p 408, 1894. 

Funkhouser give's the following technical description: 

Fine large bpeeics, brilliant, giecn, slowly fading to yellowish in dried 
nmteml; motopulium peipendieular; dorsal crest high and arcuate; posterior 
process slender and cuiving downward; legmina and wings entirely hyaline, 
upper parts of femoia often marked with black 

Head broad. nearl> smooth, very finely and faintlv punctate, longitudinally 
striate; eve* prominent, subtriangular. very dark bordered with white, ex¬ 
tending beyond adjoining lateral margins of pronotum; ocelli prominent, 
browuish, nearer to each othei than to the eyes, inferior margins of vertex 
broad I v sinuate; elvpeus bioad, sparingly pubescent, median lobe of apex 
extending below lateral lobes. 

Pronotum densely and coarsely but not deeply punctured, motopulium con¬ 
vex. median canna distinct but irregular, sides ot metopidium meeting be¬ 
fore middle oi bods; lateral semicircular impression deep; posterior process 
long, slender, gradually acuminate, curving downward, extending bovond abdo¬ 
men and reaching about halfway from internal angles to apices of tcgmina 
Tegnuna entirely hyaline, slightly wrinkled, base's greenish and lightly 
punctured Undersurface of body yellowish; segments of abdomen m some 
case's bordered with black; notch of last ventral segment of female broadly 
angular. Femora often marked with black above; tarsi ferruginous. 

Length to tips of tegnuna. 9 mm ; width between humeral angle's, 4 mm. 

Internal male genitalia . Styles large and stout, the anterior por¬ 
tion long and wide, the posterior part curving to the truncate and 
serrate tips, which vary from nearly transversely truncate to quite 
obliquely truncate, the apex in the latter case being quite pro¬ 
nounced, the posterior fourth with two rows of very long lmirs, the 
outer row being longer; connective short, widest just behind the 
middle, usually pentagonal in shape; oedagus, viewed laterally, 
much as in Cere ho. , the dorsal process varying in width and with a 
small to a very pronounced hump, but with no projection to the 
connective, ventral process moderately stout, slightly concave on 
ventral side preapieally, the functional orifice occupying nearly half 
its length medially. 

Distribution. This species is found throughout the United States 
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as shown by the following distribution given by Van Duzee: On¬ 
tario, New York, New Jersey, Pennsylvania, North Carolina, Ohio, 
Illinois, Iowa, Dakota, Kansas, Missouri, Colorado, New Mexico, 
Arizona, California, and Montana. 

In Kansas it has been taken in the following counties: Chautau¬ 
qua, Douglas, Hodgeman, Cowley, Ottawa, Riley, Dickinson, Linn, 
Ellis, Bourbon, Montgomery, and Wabaunsee. 

Hosts. Funkhouser records this species from sweet and red 
clover, timothy and apple. Miss Branch mentions gama grass. 
Coding reports it from plum, oats, oak and alfalfa. The writer 
has taken it very commonly on apple. 

Stictoccphala lutca (Walker). 

Theha lutea Walker , List Homop., ii, p. 559, 1851 

Theha trier nun Wa1k«*r, List Homop., i\\ p 1142, 1851. 

(iarqara pcctorahs Emmons, Nat Hist N. Y. Ins , p. 157, p 1, 13, fig. 12, 1854. 

Stictocephula lutea Stal, Of. Vet. Akad Forh,, xxw, p. 247, 1869. 

Funkhouser gives the following technical description: 

Small species; grass-green above, usually marked with black below; meto- 
pidium sloping, dorsal er«st not high, not regularly arcuate; tegmina smoky 
hyaline. 

Head perpendicular, subtnungular, broader than long, finely punctate, 
sparingly pubescent, weakly sculptured, eyes prominent, brown usually banded 
with reddish, extending outward as far as lateral angles; ocelli distinct, yel¬ 
lowish margined with brown, much nearer to each other than to the eyes; 
inferior margins of vertex weakly sinuate, their ventral mesal angles ending in 
hooks; clvpcus robust, extending only slightly beyond inferior margins of 
vertex. 

Pronotum closely and deeply punctate: metopidium convex, median carina 
faint, smooth yellowish area on each side near base of head, sides of xnoto- 
pidium meeting at or a little before middle of body; dorsal crest not high, 
sloping gradually from junction of carinate edges of metopidium to posterior 
process; semicircular lateral impression weak; posterior process slender, gradu¬ 
ally acute, extending as far as tip of abdomen and to a point on tegmina half¬ 
way between internal angles and apices. 

Tegmina hyaline, smoky at apices. Under parts of thorax distinctly black. 
Legs generally marked with black. Notch of last ventral segment of female 
very small or obsolete. 

Length, 6.5 mm.; width, 2 mm. 

Internal male genitalia. Styles stout, especially posterior portion, 
bent in near middle of connective, then flaring widely till just before 
the incurved tips, which are transversely truncate with the inner 
angle prominent and distinctly serrate on both its margins, the 
apical fourth of the styles bearing on each margin a row of long 
hairs; connective large, elongate, widest just caudad of the middle; 
cedagus, viewed laterally, with medium-sized and humped dorsal 
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process, the ventral process with a distinct tubercle to connective 
and wide till the end of the functional orifice, then suddenly nar¬ 
rowed, after which it is nearly parallel-margined to the apex. 

Distribution. Seemingly most abundant in the eastern United 
States as shown by the following records given by Van Duzee: On¬ 
tario, Connecticut, New York, New Jersey, Pennsylvania, District 
of Columbia, North Carolina, Georgia, Florida and Illinois. There 
are specimens of this species in the Snow collection from Beaver 
Creek, Montana, thus extending its range westward. 

The following Kansas counties have yielded specimens: Linn, 
Montgomery, Neosho, Riley and Douglas. 

Hosts. Matausch reports this species from Solidago; Funkhouser 
from oak and daisy; Coding from wheat. 

Stictocephala jestina (Say). 

(PI. Ill, figs. 6, 6.) 

Membran* jcutma Say, Jl. Acad. Nat. Sci. Phila , vj, |>. 243, 1830, Compl. Writ, ii, p. 
377 

Stictocephala fentiva Walker, List Homop., iv, p. 1141, 18f>2. 

Stictocephala uniforms Stal, Tfurnip. Fabr., n, p. 24, 1809. 

Shctoccphala festma Stal, Of. Vet. Akad. Forh., xxvi, p. 246, 1869. 

The following is the original description: 

Thorax with a subacute line each side before, meeting behind the middle. 

Inhabits Florida. 

Body yellowish-green; thorax unarmed, carinate behind; at tip attenuated, 
subulate and complying with the general curvature; each side before a carinate 
line, meeting together at the canna behind the middle, with the earina tinged 
with rufous; front of the thorax not altogether flat, but a little convex; heme- 
lytra, three terminal cellules unequal; the two costal ones equal, as broad as 
long; the inner one not obviously larger than the others together, somewhat 
longer than broad. Length to tip of hemelytra one-fifth of inch. The lateral 
prominent lines of the unarmed thorax, separate this species from all those 
I have described excepting gomphera, which meet before the middle of the 
length of the back. 

Interval male genitalia. Styles quite small, anterior portion 
smaller than posterior, converging posteriorly to the wide posterior 
portions, which, opposite the connective, have a distinct lateral an¬ 
gle and then narrow but slightly to the obtuse apices, each bearing 
a long outer row and a short mesal row of stout hairs; connective 
quite small and triangular; codagus, viewed laterally, quite charac¬ 
teristic, the dorsal process ending in a large rounded lobe which 
bears a small, fingerlike terminal process, the ventral process ending 
in a swollen and obliquely truncate apex which bears the functional 
orifice. 
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Both the styles, connective and oedagus of this species are so en¬ 
tirely different from the corresponding parts in the two preceding 
species that it does not seem possible that they could be members 
of the same genus. 

Distribution . This species occurs abundantly in the Southern 
states and in more limited numbers as far north as Connecticut, and 
Canada in the East and Montana in the West. It has been reported 
from Florida, Virginia, Pennsylvania, Georgia, Missouri, Texas, 
Iowa, Montana, Colorado, New York, Connecticut, New Jersey, 
Ottawa, Can., Utah, Arizona, Mississippi, Tennessee, Alabama, 
North Carolina, Louisiana, Kansas, Iowa, Lower California, Mex¬ 
ico, and the West Indies. 

Hosts, Wildcrmuth records this species from the following hosts: 
Alfalfa, cowpeas, tomato, almond, Bermuda grass, Johnson grass, 
wheat, barley, oats, bur clover, yellow sweet clover, soy beans, red 
clover, vetch, Hordeum munnum , beans, sunflower, cocklebur, 
Erigeron canadensis , mesquite, cottonwood, Sporobolus airodes and 
Trichlaris mendocina. 

Genus Acutalis Fairmaire. 

In this genus are small species with the protliorax dark and with 
five apical cells in the tegmina, the veins of which are quite distinct. 

A single species is reported from Kansas. 

Acutalis tart area (Say) 

(PI. V, tigs. 5, 6.) 

McmbracM tartarca Say, Jl. Acad. Nat. Sci. Pliila., vj p. 242, 1830; Oompl. Wnt., «, 
p. 370. 

Ceretta tartarca Walker, List. Homop., iv, p. 1141, 18f*£. 

Acutnlw tartarca Uliler, Bui. U. H. Oeol. Geog. Hurv., i, p. 345, 1870. 

Ores a Hcnucrnva Provaneher, Pet. Faune Ent. Can., ui, p. 235, 1888. 

Funkhouser gives the following technical description: 

Small elongate species, very black, with eyes, undersurface of body and in 
some cases lateral margins of pronotum white, apices of tegmina abruptly 
hyaline. 

Head twice as broad as long, densely black, smooth, not punctate nor pu¬ 
bescent; eyes prominent and white; ocelli small, white, about equidistant 
from each other and from the eyes; clypeus foreshortened, smooth, extending 
only slightly m a semicircular* curve below inferior line of face. 

Pronotum intensely black above, finely punctate, not pubescent, lateral 
margins and tip of posterior process in some cases marked with white; dorsal 
crest low, weakly convex; posterior process nearly straight, slightly decurved, 
more or less tectiform, extending beyond abdomen and almost to end of apical 
cells of tegmina, but not reaching apex of hyaline border. 

Tegmina opaque black for basal two-thirds, apical third suddenly hyaline; 
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veins heavy ami black; wide apical border; basal third punctate. Undersur¬ 
face of body pale. Legs yellowish, tarsi fuscous. 

Length to apices of tegmina, 4.5 mm.; width between humeral angles, 2 mm. 

Internal male genitalia . Styles small, anterior portion slender, 
then wide opposite connective and narrowing again to the rather 
slender apical portions, which are strongly hooked, bear a few hairs, 
and end in an acute apex; connective comparatively large, semi¬ 
circular; oedagus, viewed laterally, quite large, anterior process 
smaller and ending acutely, posterior process very large and ending 
obtusely. 

Distribution. Van Duzee reports this species from Ontario, 
Massachusetts, New York, Pennsylvania, District of Columbia, 
North Carolina, Florida, Mississippi, Illinois, Iowa, Missouri, Colo¬ 
rado, and Utah. Miss Branch reports it from Douglas county, 
Kansas. 

Hosts. Miss Branch gives Ambrosia trifida as a host. 

Genus Micrutalis Fowler. 

The members of this genus are small and have but four apical 
cells in the tegmina, the veins of which are very obscure. 

A single member of the genus occurs in Kansas, 

Mirrutalis calva (Say). 

(PI. V, fitfs, 3, i ) 

Mvmbracis vulva Say, Jl. Aeud. Nat. Se». Philw , vi. p. 242, 1830; Compl. Writ.., li, p. 376. 

Membrari * vielanofjramma Pert>, Del. An. Art., pi 35, fig. 10, 1834 

Smiha Jiavtponnia Germar, Silb. Rev. Ent., m, p. 240, 1835. 

Arutalis flavipennie Fiunwure, Ann. So<\ Ent. Kx., «er. 2, iv, p 497, 1846. 

Cercsa calva Walker, List. Horriop., iv, p 1141, 1852. 

AcutvUts melanograW7>m Walkej, List Homop., h, p. 59], 1851. 

Ac ut alia vulva Fitch, Trans. N. Y St. Agr. Soc., xvi, p. 391, 1838 

Arutalis ilhnniemis Coding, Can Ent., xxv, p. 53, 1893. 

Mirrutalis tUmoicnsis Bak«M, Can. Knt., xxxix, p. 116, 1907 

Mirrutalis calva Baker, Can. Knt., xxxix, p. 116, 1907 

Funkhouser gives the following technical description; 

Very minute; one of the smallest species of Membracidae in the United 
States; usually strongly marked with black, although color is variable; abdo¬ 
men yellowish; tegmina hyaline, veins very indistinct. 

Head broad, smooth, lightly punctate, not pubescent, upper third black, 
lower two-thirds yellowish; eyes prominent, white or gray; ocelli not promi¬ 
nent, pearly, about equidistant from each other and from the eyes and situated 
slightly above an imaginary line drawn through centers of eyes; clypeus 
rounded, continuing sinuate outline of inferior margin of face. 

Pronotum low, nearly flat, finely punctate, not pubescent, anterior part 
usually black, tip of posterior process generally pale; posterior process stout, 
triangular, just, reaching internal angles of tegmina and not extent ling as far 
as tip of abdomen. 
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Tegmina entirely hyaline, not punctate nor pubescent at base, veins indis¬ 
tinct, apical border broad. Entire abdomen pale; undersurface of thorax of¬ 
ten marked with black. Femora black or ferruginous; tibia? fuscous, tarsi fer¬ 
ruginous. 

Length, 3-3.5 mm.; width, 1.5-1.7 mm. 

Internal male genitalia . Styles with anterior and posterior parts 
of about equal length, anterior ends pointed, strongly swollen op¬ 
posite connective, posterior part curving laterad, with a distinct 
hook before the acute apex, and with about a dozen hairs along 
the lateral margin; connective small, notched basally, widest at the 
truncate apex; cedagus, viewed laterally, U-shaped, the base nearly 
straight and with a large process to connective, functional orifice 
along the side of the posterior arm which bears numerous sawlike 
teeth on its cephalic aspect and a few scattered ones laterally. 

Distribution , This is a very widely distributed species occurring 
throughout the Eastern and Southern states as shown by the fol¬ 
lowing distribution given by Van Duzce: New Hampshire, Massa¬ 
chusetts, New York, Pennsylvania, Maryland, District of Columbia, 
Virginia, North Carolina, Georgia, Florida, Alabama, Mississippi, 
Ohio, Michigan, Illinois, Missouri, Kansas, Iowa, Arkansas, Texas, 
Colorado. It is also known to occur in the West Indies. 

Specimens have been taken in the following Kansas counties: 
Reno, Douglas, Riley, Bourbon, Harper, Chautauqua, Cowley, 
Cherokee, Allen, Harvey, Montgomery, Butler, Kingman, Sumner, 
Miami and Ottawa. 

Hosts. Funkhouser gives black locust as a host. It is commonly 
taken when sweeping weeds and grasses in Kansas. 

Genus Carynota Fitch. 

The members of this genus have the elytra partially covered by 
the pronotum, which lacks a horn or crest. The dorsum is low and 
rounded. 

A single species occurs in Kansas. 

. Carynota mera (Say). 

Membrati s mera Say, JI. Acad Nat. Soi. Phila., vi, p. 001, 1881; Ofimapl. Writ., 11 , p. 870. 

Carynota me*a Fitch, Homop N. Y. St. Cab., p. 48, 1861. 

Garyara rnajus Emmons, Nat. J^wt. N. Y. Ins , p. 166, pi. 18, fig. 6, 1864. 

Ophtdcrma mera Fitch, Tran* N. Y 84, Agr. Soc., xvi, p. 466, 1866. 

Craynota ttrombergi Coding, Bui. Ill. St. Lab. Nat, Hist., itt, p. 448, 1804, 

Funkhouber gives the following technical description: 

Fine large .species; gray marked with dark brown and chestnut; pronotum 
convex and elevated; tegmina fuscous-hyaline tipped with dark brown. 

Head nearly twice as broad as long, uniform tight gray, very distinctly 
punctate, hpaungly pubescent with short, white hairs; eyes very prominent 
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and brown; ocelli prominent, pearly, margined with orange, somewhat pro¬ 
truding, nearer to each other than to the eyes; clypeus subtriangular, con¬ 
tinuing inferior outline of fare, tip produced in small tooth, hirsute, 

Pronotum gray, finely punctate, pubescent, median earma percurrent; meto- 
pidium convex, irregular brown mark above internal angle of each eye; dorsal 
line arcuate, suddenly depressed before posterior process in female, depression 
not so evident in male; wide, dark brown, transverse band crossing middle of 
pronotum on each side; posterior process heavy, pointed, tip chestnut. 

Tegmina smoky hyaline, veins prominent, bases punctate, especially along 
veins and at costal margins, tips dark brown or black. Legs and undersurface 
of body ferruginous. 

Length: female, 10 mm.; male, 8J5 mm. Width, female. 5 mm.; male 
4 mm. 

Distribution. Van Duzee reports this species from Ontario, New 
York, New Jersey, Pennsylvania, North Carolina, Ohio, Illinois, 
Iowa, Missouri and Texas. The writer took a single specimen in 
Ottawa county, Kansas. 

Hosts. Funkhouser mentions hickory, butternut, pecan and oak 
as hosts of this species. 

Genus Thelia Amyot & Sorville. 

The members of this genus are at once recognized by the pos¬ 
session of a long horn on the anterior part of the prothorax, which 
points upwards and forwards. 

Both members of the genus known to occur in the United States 
are found in Kansas. They may be separated by the following key: 

KEY TO SPECIES. 

A. Prothorax of male without lateral yellow stripe. uhleii. 

AA. Prothorax of male with lateral yellow stripe. bimaculata. 

Thelia uhleri Stal. 

Theha uhleri Stal, Of. Vet. Akad. Forh., xxvi, p. 248, 18f>0 

The original description follows: 

Griseo-ferruginea, pilosa, thoraco remote pallido-conspcrso; tegminibus 
sordide hyalinis, apice fusco-nebulosis, basin vers as punctatis. Female: Long. 
9; cum cornu, 13. Lat. 4% mill. Wisconsin. (Mus. Holm.) 

T. bimaevlatce maxima affinis, pictura thoracis, ejusdem cornu antico 
paullo longiore processuquo postico rugis longitudinalibus destituto divergit. 
Caput remote punctulatum. Thorax dense diatinctque punctatus, angulis 
lateralibus uonnihil prominulis, rectis, cornu antico antrorsum valde nutante, 
proces&u postico apicem tegminum subattingente. 

Ad banc speciem verisimiliter epectat Fitch, quum dicit Membracem belli - 
gerum Say ad Theltam referendam esse; bsec species aiitem ad Platycotem 
pertinet et eadem est ac P. sagiitata Germ,, quae Americam borealem (nec 
( Brasiliam) inhabitat. 
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Distribution. Van Duzee reports this species from Ontario, New 
York, Pennsylvania, Michigan, Illinois, Wisconsin, and Kansas. 

Hosts. Seemingly unknown. 

The writer has not seen specimens of this species, but it is included 
in this paper because of Van Duzee’s records. 

Thelia bimandata (Fabrioius). 

(PI. V, figs. 3. 2.) 

Mem bract * bimacufuta Fabiicius, Ent. Syst., iv, p. 10, 1794. 

Hemiptydm binotata Harris, Kept. Ins Maas., p. 179, 1841. 

Hemiptycha acuminata Harris, Kept. Ins. Mas*., p. J79, 3841. 

Thelia bimaculata Amyot «fc Serville, H« s inip , p. 541, 1848. 

Thelta un ant mitt Walkm, Liht Humop., n, p, 500, 3 853. 

Funkhouser gives the following technical description: 

Female. Gray with indistinct darker irregular markings; porrect cylindrical 
horn slightly flattened and somewhat darker in color at tip; tegmina hyaline, 
apices fuscous, almost reaching extremity of dorsal process. 

Head, including eyes, twice as broad as long, grayish-yellow mottled with 
ferruginous and brown; margins of lone strongly sinuate; eyes dark brown; 
ocelli white, nearer to each other than to the eyes and situated on a line drawn 
through centers of eyes; clypcus pilose; beak extending to posterior coxa?; 
head very sparingly punctate and sparsely pilose. 

Thorax gray, deeply and densely punctate; median percurrent brown line 
sharpened into a ridge on extremity of horn and at apex of posterior process; 
sides of prothorax roughly and irregularly carinate; horn porrect and greatly 
variable in length; cylindrical except at extreme tip, where it is flattened 
laterally; posterior process heavy, tectiforni, gradually acute, almost straight, 
very slightly decurved and extending beyond apices of tegmina. 

Tegmina hyaline, apices fuscous, bases and costal regions lightly’punctate; 
underwings hyaline, two-thirds as long as tegmina. Undersurface of body 
gray-brown, pubescent. Legs uniform yellow-brown; femora thick and 
smooth; tibia* and tarsi densely pilose. * 

Length, 11 mm., including horn, 14 mm.; width between humeral angles, 
5.5 mm. 

Male: Differs from female in size and 1 markings. Smaller, body some¬ 
what less robust; porrect horn usually shorter and tending to curve; tegmina 
equalling apex of posterior process. Color deep chocolate brown; porrect 
horn almost black; apex of posterior process becoming cinnamon brown; a 
wide, brilliant, lemon-yellow longitudinal stripe on each side of prothorax, 
extending from margin halfway to median dorsal line, also small patches of 
yellow on meiopidium; head yellow with brown patches. Undersurface of 
abdomen darker than in female. 

Internal male genitalia. Styles with anterior portion short, 
posterior part longer, wide, and parallel-margined till near apices, 
which are curved strongly laterad and end truncately but with a 
distinct recurved hook, the curved apices bearing scattered short 
hairs; connective large, rather distinctly seven-sided; oedagus, viewed 
laterally, with a slender process to anal tube, the apical portion 
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very large, dub-shaped, the functional orifice just before the ex¬ 
treme apex, the anterior aspect of the apex with many filelike teeth. 

Distribution. Van Duzee reports this species from Ontario, 
Massachusetts, New York, New Jersey, Pennsylvania, North Car¬ 
olina, Ohio and Illinois, The writer has taken it in Douglas county, 
Kansas. 

Hosts. Black locust seems to be the only host. 

Genus Glossonotuk Butler. 

The members of this genus possess a tongue-shaped crest, which 
arises from between the humeral angles. 

A single species of the genus is recorded from Kansas. 

Glossonotus acumnatuis (Fabricius). 

AJcmhratut tnummuta Fabliaus, S\&f Knt , P <*75, 1775 

Citada aiummata (iniclin m Lnunvus, S\s( Nut , <du 13, i, i>t 1, 2004, 1778 
Ctntrotub at u m mat a Fabticiui, S\v{ KIimmc , p 18, 1803 

Thtlm atumumfn Fairnmno, Ann Soe Knt Fr., si i 2, i\, p 310, pi 5, hjK 15, 1840 
Htmiptytha acuminata Harris, Trial Ins Jnj \ pr , <*dn 3, p 9 23, 1802 
Telamotm at ummatu* Stal, H«*inip Fabt , u, p 115, 18bl> 

(ilofisomttus at ununnta Hutlei, CVt Knt, ji, p 222, 1877 
Theha tratattn Smith, Ins N J , p. 441, JMflO 

Funkhouser gives the following technical description: 

Dark gray mottled with brown; dorsal crest high, flattened and swollen at 
tip; humeral angles prominent and triangular; tegrnma hyaline tipped with 
brown, veins punctured. 

Head almost as long as wide, gray with distinct scattered black punctures 
and tine whitish pubescence; base sinuate; eyes large, prominent, bnrwn, 
extending as far as bases of humeral angles; ocelli large, prominent, pearly 
with while margins, nearer to each other than to the eyes; elypem continuing 
inferior line of face, punctate with black, pubescent with white, tip prolonged 
into a point; antennae long and w r ell de\eloped. 

Pronotum dark gray with irregular markings of brown, coarsely and regu¬ 
larly punctate with black, \ cry sparingly pubescent; metopidium com ex, 
median carina prominent and decorated with alternate lines of brown and 
yellowish, irregular black markings above internal angles of eyes, humeral 
angles prominent, triangular, flattened, acute: pronotal crest almost as high 
as length of pronotum, widened and flattened at tip, margin decorated with 
pale areas, projecting usually forward as well as upward; posterior pioress 
gradually acuminate, reaching apices of tegrnma, 

Tegmina hyaline, tips clouded with smoky brown, bases and margins of 
veins punctate, veins prominent. Undersurface of thorax fuscous: abdomen 
ferruginous. Legs fuscous marked with brown. 

Length, 10 mm.; width between tips of humeral angles, 6 mm. 

Distribution. Van Duzee* reports this species from Ontario, Mas¬ 
sachusetts, New York, New Jersey, Pennsylvania, Michigan, Iowa, 
Kansas and Arkansas. 

Hosts. Funkhouser gives young white oak as the host 
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Genus Heliria Stal. 

The members of this genus are characterized by having a dis¬ 
tinctly step-shaped dorsal crest. 

Two members of the genus arc known to occur in Kansas. These 
Van Puzoe separates by the following key: 

KEY TO SPECrKS 

A. Larger. 12-13 mm.; grey or brownish grey; posterior foliole of the crest 
little elevated above the dorsal line anteriorly, its hmd angle subacute; 
humeral angles greatly pioduced. erwtata. 

AA Smaller, 8 mm., darker brown; posterior foliole of the crest, when well 
differentiated, elevated at least its own width above the dorsal line 

scalaris. 

Heliria cristata (Fairmaire). 

T fie ha cristata Fairnuur*, Ann Soc Ent Jm , st*r 2, lv, p 811, pi 5, tig 14, 1840 
Telamona faqi Fitch, Homop N Y St Cab, p 51, 1851 
Telamona acclnata Emmons, Nat Hist N Y Ins , p 155, pi 8, fig 5, 1854 
Heliria enstata Stal, Of V<‘t Akad I\»rh , xxi\, p 560, 1H67 , xxv*, p 249, 1809 
Telamona instata Fowlei, Biol CVntr Am , Homop , », p 144, pi 9, fig 8, 1896 

The following is the original description* 

T enstata. Mexique. Long 0 012 

Praecedente differ! testaceoobscuro et tuberculorem disposition, pnmo 
antice mclmato, secundo sat fortiter acuto 

Ne differe de 1 espece precedente quo pai se couleur d’tm testace obscue, 
et la disposition des lobes dorsaux dont lantcricur est incline en avant, et le 
second plus aigu. Coll Signoret 

The preceding species referred to above is H. scalaris . 

Distribvtion Van Duzee reports this species from New York, 
New Jersey, North Carolina, and Illinois Popenoe reports it from 
Kansas. 

Hosts. Unknown 

Helvna scalaris (Fairmaire). 

Theha scalaris Fairmaire, Ann Soc Lnt 1 t , (>rr 2, i\, p 811, 1848 
Telamona fagi Fitch, Homop N Y St Cab, p 61, 1851 
7 helm sections Walker, List Homop , u, p 565, 1851 

Helma scalane Stal, Of Vet Akad Forli, xxi\, p 558, 1807, xxvi, p 249, 1869 
Telamona scalaris Butler, Cist Ent, 11 , p 222, 1877 

Funkhouser gives the following technical description: 

A small species, uniform brown m color, crest as high as its length at base; 
posterior process not reaching apices of tegmma; tegmina smoky hyaline, tips 
brown * 

Head as wide as long, sculptured, yellowish, irregularly punctuate with 
brown, sparingly pubescent; base strongly sinuate; eyes prominent, brown, 
reaching base of humeral angles; ocelli prominent, translucent, nearer to each 
other than to the eyes; clypcus extending below inferior margin of face, 
yellowish, punctured with brown, pubescent 

Pionotum uniform brown, coarsely punctured; dorsal crest swollen at base, 
flattened at apex, as high as its length at base, distinctly step-shaped, anterior 
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lobe rounded and projecting forward, posterior lobe sharply angular, two-thirds 
as high as anterior, both lobes in some cases margined with patches of darker 
brown; posterior process short, heavy, acute, not reaching apices of tegmina; 
humeral angles triangular, flattened, blunt. 

Tegmina smoky hyaline, bases dark brown and punctate, tips brown, veins 
heavy and often punctured along margins. Undersurface of thorax ferruginous, 
segments margined with paler; abdomen brown. Legs ferruginous; tibiae and 
tarsi hairy. 

Length, 8 mm.; width, 4.8 mm. 

Distribution. Van Duzce reports this species from Ontario, New 
York, New Jersey, Pennsylvania, Illinois and Colorado. There is a 
specimen in the Snow collection from Kansas City, Mo., so it un¬ 
doubtedly occurs in eastern Kansas. 

Hosts. Unknown. 

Genus Telamona Fitch. 

The following is the original description of the genus: 

Humeral angles projecting, pointed and earlike: dorsum compressed-folia 
eeous, the keel abruptly elevated at one or both its ends, forming a somewhat 
square crest or foliole; thorax nearly or quite reaching the tips of the elytra, 
with elevated longitudinal lines on each side; apical cellule triangular, its end 
rounded. The squarish dorsal crest forms a marked distinction between the 
genus here proposed, and that of Thelia, to which it is most nearly related. 

Eleven members of this genus arc known to occur in Kansas. 
These may be separated by the following key: 

KEY TO SPECIES. 

A. Anterior margin of crest sloping to front of metopidium, without obvious 
sinus at its anterior base. 

B. Crest, if elevated, more or Jess rounded or pointed at apex. 

C. Crest distinctly elevated. 

1>. Brownish species; crest higher and triangular. 

pyramidata. 

DD. Greenish species; crest an obtusely conical hump. 

viridia. 

CC. Crest scarcely elevated, broadly rounded above obsolete. 
BB. Crest elevated, square or nearly so at apex. 

C. Crest, not os high as broad. 

D. Greenish-brown species. lugubm. 

DD. Gray, with oblique brown fascia. decorate. 

CC. Crest as high or higher than broad. querci. 

AA. Crest nearly vertical before or sometimes overhanging. 

B. Color greenish or yellowish. 

C. Females bright green; males yellow, banded with brown. 

unicolor. 

CC. Both sexes of about the same color. 

D. Fronotal hump very high. 

DD. Pronotal hump moderate. 


extrema. 

collina 
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BB. Color not green. 

C. Yellow, mottled with brown. 

CC. Gray, with transverse brown band. 

Telamona pyramidata Uhler 

(PL v, figs. 7, 8.) 

Telamona pyramidata Uhler, Wheeler’s Kept. Chief Eng. for 1877, p. 1888. 

Tehmaca pyramidata Ball, Proc. Biol. Soe Wash, xxxi, p. 28, 18 J 8. 

Funkhouser gives the following technical description: 

Long, narrow body; crest triangular and pyramidal, as the name would 
suggest; mottled brown with a dark transverse fascia extending from tip of 
crest to lateral margin of pronotum, and a second shorter fascia behind it; 
posterior process extending to tips of tegmina; tegmina hyaline, punctate at 
bases, brown at apices. Differs from T. dechvntn chiefly in shape of dorsal 
crest. 

Head wider than long, yellowish with large 1 irregular punctures of brown, 
sparingly pubescent; base regularly sinuate; eyes large, prominent, gray; ocelli 
large, prominent, somewhat protruding, translucent; elypens subtriangular, 
sutures distinct, apex slightly produced, hairy. 

Pronotum deeply punctate, not pubescent; metopidium convex, decorated 
with patches of yellowish and dark brown, median carina prominent, heavy, 
black, broken by circular areas of yellowish; humeral angles prominent, tecti- 
form, blunt, brownish; dorsal crest triangular, rounded at tip, margin flattened 
and brown, posterior margin pale; posterior process long, slender, slightly curv¬ 
ing downward, extending beyond tips of tegmina; median carina percurrent. 

Tegmina hyaline, bases and costal margins coarsely punctate but not pu¬ 
bescent, tips brown. Undersurface of thorax flavous; abdomen dark brown. 
Legs yellowish; tibiae mottled w’ith brown, hairy; tarsi flavous; claws fer¬ 
ruginous. 

Length, (Ml mm.; width, 5-6 mm. 

Internal male genitalia. Styles with anterior portion broad and 
flat, posteriorly curved outward and with a large, blunt apical hook, 
the apical fourth with a few short hairs; connective large and heart- 
shaped, bearing three longitudinal ridges; oedagus, viewed laterally, 
U-shaped, anterior process rather slender and with a distinct tooth 
on its cephalic aspect, posterior process large and club-shaped, the 
apex with Rawlike teeth on its anterior surface, and the functional 
orifice on the posterior. 

Distribution . Gillette and Baker report this species from Colo¬ 
rado and Funkhouser from New York. The w r riter has taken it at 
Ames, Iowa. Specimens have been taken in Kansas from Johnson, 
Pawnee, Cherokee, Riley and Pottawatomie counties. It seemingly 
occurs throughout the Eastern states and west to the Rocky Moun¬ 
tains. 

Hosts. Funkhouser reports it on chestnut oak. Gillett and Baker 


tristis . 
ampelopsidis, 
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give cottonwood and Virginia creeper. The writer has taken it 
abundantly on willow. 

The writer has been unable to find any characters that would 
seem to separate this species from the members of the genus Tela - 
mona. The genitalia are precisely as in other members of the 
genus. Hence it is our belief that the genus Telonaca should be 
sunk as a synonym of Telamona. 

Telarnona viridia Ball. 

(PI. VII, figs. 7, 8.) 

Telamona viridia Ball, Proc. Biol. Soc. Wash , xvi, p. 178, pi. 1, fig. 3, 1903. 

The original description follows: 

Resembling pyramidata in size and form, but with less of a hump. Grass- 
green, the male with some fuscous on posterior half of hump and again at 
apex of pronotum. 

Length: female, 11 mm.; male. 9 mm. Width, female, 5.3 mm. 

Pronofal hump in the shape of an obtuse pyramid one-third the distance 
back from eye to apex of pronotum, a slight angle on posterior margin just 
below apex especially marked in the male. Height of hump slightly less than 
one-third the pronotal length. Humeral angles broad, slightly rounded, a 
trifle longer than eye. 

Color. Female, grass-green slightly mottled with yellow; curina light, ex¬ 
cept at apex of hump and at. tip, where it is tawny. Male, grass-green; carina 
light interrupted with tawny; a fuscous band runs obliquely backward from 
apex of hump and fades out before reaching the pronotum proper, or some¬ 
times connects with a tawny spot on lower margin, whole apex of pronotum 
tawny, 

Internal male genitalia . Styles large, anterior end flattened, pos¬ 
terior part stout, curved strongly laterad apicully, bluntly hooked, 
and bearing a few scattered hairs; connective large, heart-shaped, 
with three longitudinal ridges; oedagus, viewed laterally, U-shaped, 
anterior arm more lightly chitinized and with short blunt anterior 
tooth, posterior arm club-shaped, the apex anteriorly with many 
small filelike teeth, posteriorly with the functional orifice. 

Distribution . Ball reports the type specimens from Colorado, 
Iowa and Illinois. There is a specimen in the Snow collection, taken 
by F. X. Williams, from Gove county, and a single specimen has 
been taken in Riley county, Kansas. 

Hosts . Ball gives cottonwood (Populus monilifera) as the host. 

Telamona obsoleta Ball. 

Telamona obsoleta Ball, Proc. Biol, Soc. Wash., xvi, p. 178, pi. 1, fig, 2, 1903. 

The following is the original description: 

Resembling irrontta, but smaller and with a smaller and more rounding 
hump. Length: female, 10 mm.; male, 9 mm. Width, 5 mm. 
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Dorsal hump low and much inflated; it scarcely narrows from the base to 
just before the apex where it rounds in to form a carina. Anterior margin 
rising just back of the humeral angles and extending from there half way to 
the apex of the pronotum. The height is about equal to the whole length 
and it rounds down to the pronotum proper at both extremities. Front much 
elevated above the level of the eyes so that the ocelli are farther from the 
base of front than from each other. 

Color. Yellow with the punctures fuscous, sometimes coalescing into brown¬ 
ish fuscous spots, giving the whole insect an irrorate and mottled appearance, 
with little regularity of pattern. Usually there is a semicircle of lighter shade 
back of the humeral angles and a light spot on middle of hump. There is a 
pair of large, straggling black marks above and within the eyes, some brown 
on the inner nervuros of corium, and a smoky brown cloud at apex. 

Distribution. Ball reports this species from Iowa and from Kan¬ 
sas. Van Duzee records it from Illinois and Funkhouser from New 
York. In Kansas it has been taken in Pottawatomie and Mont¬ 
gomery counties. 

Hosts. Ball gives elm as a host; Funkhouser reports it from oak. 

Telamona lugubris Ball. 

Telamona luQubm Ball, Proc. Biol. Soc. Wash., xvi, p. 179, 1903. 

The original description follows: 

Form of rcchvata nearly, slightly shorter and stouter built and with a lower 
and longer hump and lacking the markings of that species. Obscurely greenish 
brown. Length: female, 11 mm ; male. 9 5 mm. Width, 55 mm. 

Dorsal hump of moderate size, arising lust back of lateral angles; anterior 
margin sloping back, founmg a right angle with the inclined crest, posterior 
margin perpendicular or slightly overhanging Rase of hump occupying a 
little over two-fifths of distance from humeral angles to apex of pronotum. 
Humeral angles blunt and obtuse, about two-thirds as long as the eye. 

Color. Pale ytllow, the more oi less darkened punctures giving the insect 
a general grayish cast with fetill darker shadings on the lateral faces of the 
hump and sometimes on the apex of pronotum. 

Distribution. Ball reports this species from Iowa and also from 
Pottawatomie county, Kansas. Doctor Funkhouser has specimens 
from New Mexico. 

Hosts . Ball gives scrub oak as the host. 

Telamona decorata Ball. 

Telamona deeoiata Ball, Pioc^Biol. Soc. Wash , \vi, p 179, 1908. 

The original description follows: 

Smaller than lugubris , with a shorter and more rounding hump. Yellowish 
fuscous with the hump deep testaceous brown. Length, 9 mm.; width, 4A mm. 

Dorsal hump sloping up from both front and rear, crest rounding, highest 
just m front of the middle, hump occupying scarcely two-fifths of the pronotum 
from the humeral angles back. Humeral angles short and blunt, about tw> 
thirds the length of the eye. 
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Color. Face, and pronotum pale yellow, very slightly washed with brown 
in the female, and with a definite brown shade in the male; median carina 
alternately light and dark before the hump. Hump rich testaceous with a few 
light spots on the sides, a definite light mark at the base in front, which may 
extend up on to the carina, and the whole posterior margin light. This latter 
light spot extends down on to the pronotum and connects with an irregular 
transverse light band about halfway to apex. Each side of this band is an 
irregular testaceous band, the anterior one connected with the testaceous 
hump. A pair of spots above the eyes and the apex of elytra brownish fuscous. 

Distribution. Ball described this species from specimens taken 
in Iowa, Arkansas, and Pottawatomie county, Kansas. Funkhouser 
reports it from New York. 

Hosts. Ball mentions red oak as a host. 

Telamona querci Fitch. 

Telamona querci Fitch, Homop. N. Y. St. Cab., p. 51, 1851. 

Telamona quercua Walker, List Homop., iv, p. 1145, 1852. 

Thelia quercua Smith, Cat. Ins. N. J., edn. 1, p. 441, 1891. 

Telamona brunneipennis Buckton, Monog. Membr., p. 197, pi. 48, fig. 1, 1903. 

Funkhouser gives the following technical description: 

Very close to T. monticola; pronotum shorter, darker; dorsal crest with 
prominent pale fascia on posterior margin; tegmina nearly hyaline, tips 
faintly clouded. 

Head loughly sculptured, flavous mottled with brown, faintly longitudinally 
striate, very faintly punctate, pubescent, base weakly sinuate; eyes prominent, 
dark brown; ocelli very prominent, protruding, brownish, margins pale, much 
nearer to each other than to the eyes; clypeus nearly fiat, punctate, pubescent, 
base marked with brown, tip extended below inferior margin of face. 

Pronotum densely but finely punctate, sparingly pubescent, dark brown 
mottled with green; metopidium convex, median carina prominent, black in¬ 
terrupted with pale green; humeral angles short, and blunt; dorsal crest sloping 
backward, longer than high, higher before than behind, posterior margin dis¬ 
tinctly pale; posterior process short, acute, marked with greenish before apex, 
not reaching tips of tegmina. 

Tegmina hyaline, bases punctured but not pubescent, tips clouded with 
brown, veins brown. Undersurface of body brown. Legs flavous; tibise hairy. 

Length of pronotum, 9 mm.; to tips of tegmina, 11 mm.; width, 5A mm. 

Distribution. Van Duzee reports this species from Ontario, New 
York, District of Columbia, Ohio, Colorado, New Mexico, and Ne¬ 
vada. Popenoe reports this species from Kansas, and there is a 
specimen in the Snow collection from Kansas City, Mo., so that it 
doubtless occurs in the state, The writer took a single specimen of 
the species at Si Paul, Minn. 

Hosts. Funkhouser gives white and chestnut oak as hosts. 
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Telamona unicolor Fitch. 

Telamona unicolor Fitch, Homop. N. Y. St. Cab., p. 60, 1861. 

Telamona fasciola Fitch, Homop. N. Y. St. Cab., p. 60, 1861. 

Hemptycha diffusa Walker, List Homop., Suppl., p. 148, 1858. 

Funkhouser gives the following technical description: 

Females large, brilliant uniform grass-green; males smaller, bright yellow 
with deep brown fascia. Very striking in color; large size; crest high and 
square; tegmina tipped with brown. 

Female. Hoad nearly twice as wide as long, green, punctate with brown, 
finely pubescent; eyes large, brown; ocelli large, orange, nearer to each other 
than to the eyes; elypeus deeply punctate, pubescent, tip in a pointed ex¬ 
tension. 

Pronotum concolorous green, fading to mottled yellow in cabinet specimens; 
very finely punctate and pubescent; metopidium more or less angular, median 
carina distinct, three small brown spots mesad of humeral angles; humeral 
angles produced, triangular, blunt; crest large, high, much higher before than 
behind, anterior margin less sloping than posterior, dorsal margin brownish; 
posterior process long, gradually acute, apex brownish and not reaching tips 
of tegmina. 

Tegmma brownish hyaline, bases and costal regions punctate with black, 
tips clouded with dark brown, veins prominent. Undersurface' of thorax 
flavous, abdomen yellowish, pubescent, ovipositor brown. Logs flavous; tibiae 
mottled with brown; tarsi ferruginous. 

Length, 11 mm.; width, 6 mm, 

Male. Differs from female in size and color. Head mottled brown and yel¬ 
low, much darker than that of^ female, much sculptured, inferior line of face 
strongly sinuate. 

Pronotum bright yellow, metopidium strongly shaded with brown; dark 
brown fascia on front of dorsal crest; dark brown fascia on posterior third of 
crest extending gradually narrowed to lateral margin of pronotum; posterior 
median line of crest yellow, transverse band of yellow behind crest; apex of 
posterior process brown. » 

Undersurface of, body deep brown. Legs strongly flavous marked with 
brown. 

Length, 10 mm.; width, 5 mm. 

Distribution. Van Duzee reports this species from Ontario, New 
York, New Jersey, Pennsylvania. North Carolina, Michigan, Il¬ 
linois, Iowa, Kansas, Missouri and Texas. In Kansas it has been 
taken in Pottawatomie eounty. 

Hosts. Funkhouser gives hickory, butternut, walnut and bass¬ 
wood as hosts. 

Telamona extrema Ball. 

Telamon a extrema Ball, Froc. Biol. Roc. Wash., xvi, p. 179 pi. 1, fig. 7. 1903. 

The original description follows: 

Form of umcolar nearly, smaller, and with a still longer hump. Greenish 
testaceous. Length: female, 10 mm.; male, 0 mm. Width, 5 mm. 
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Pronotal hump very high, almost quadrate, occupying the anterior three* 
fifths of pronotum, anterior margin rising perpendicularly from face, crest 
highest just back of the well rounded anterior angle from which it slopes 
slightly to riie almost perpendicular posterior face. Humeral angles moderate, 
as long as the eyes. 

Color: Greenish testaceous; a spot above each eye and the median carina 
back to the posterior angle of hump fuscous; posterior face of hump broadly 
marked with creamy white, which narrows to a line on the carina posteriorly 
in the female, and disappears entirely in the male. The lower margin of the 
humeral angles is sometimes marked with fuscous. 

Distribution. This species was described from specimens taken in 
Iowa, and Marion county, Kansas. Van Duzee reports it also from 
Massachusetts, Rhode Island and New Jersey. 

Hosts. Ball gives oak as a host. 

Telamona collina (Walker). 

Th;tha collina Walker, Li«rt Homop , ii, p 605, 1861 

Telamona collina Buller, Curt. Ent, n, p 220, 1877 

Telamona turntella Buckton, Monog Mcmbr, p 108, pi 44, fig 6, 1908 

The following is the original description: 

Testacea vol viridi-flava; prothorax apice niger; canna ferruginea vel fulva; 
alas limpid®; al® antic® basi fulv®. 

Testaceous, shining: head finely punctured, short, almost transversely 
spindle-shaped, much narrower than the fore-chest, impressed on each side of 
the disk, with five slight undulations along the hind border, and seven on the 
fore border; a slight furrow extends from the hind border to the face, whose 
hind side is slightly obconical and occupies less than half the length of the 
face: fore-chest roughly punctured, convex and with a slight middle ridge 
in front, forming on each shoulder a conical, flat, very prominent horn; keel 
very deep behind the shoulders, conical and slightly inclined forward, veined 
along the lower side, slightly undulating and declining abruptly along half 
its length, straight and slightly attenuated from thence tt> the tip, which is 
black and extends far beyond the tip of the abdomen; ridge mostly ferrugin¬ 
ous; sides slightly tumid; wings colorless; veins tawny; fore-wings partly 
brown along the hind borders and at the tips, tawny and punctured towards 
the base* Length of the body, 4 lines; of the wings, 10 lines. 

New York. 

Far. /?. Head and fore part of the fore-chest pale yellow tinged with green; 
keel tawny, partly green; legs tinged with green; oviduct pitchy, curved 

St. John’s Bluff, E, Florida. 

Distribution, Van Duzee reports this species from New York 
Pennsylvania and Florida. It has also been taken in Johnson 
county, Kansas, 

Hosts, Mrs. Slosson and Van Duiss report it from sycamore. 
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Tclamona tristvs Fitch. 

Telamona tnstis Fitch, Honiop. N. Y. St. Cab., p. 51, 1851. 

Tela motto, coryh Fitch, Noniop. N Y. St. Cab , p. 61, 1851. 

Telamona sprtta Coding, Bui. 111. Ht. Lab Nat. Hist,., in, p. 417, 1804 

Funkhouser gives the following technical description: 

Near T. amp clop mils in appearance, but smaller and lighter and differing in 
coloration; crest high and square, higher before than behind; tegmma hyaline 
tipped with brown; pronotum yellow mottled with red-brown. 

Head subquadratc, yellowish, faintly longitudinally striate, finely punctate, 
closely pubescent, faintly mottled with brown; eyes prominent, brown; ocelli 
pearly, nearer to each other than to the eyes; clypeus pubescent, tip slightly 
extending below inferior margin of face. 

Pronotum densely punctate, not pubescent, ground color light yellow, a 
broad transverse reddish-brown fascia nearly covering metopidium, a second 
on front of crest, and a third extending down posterior third of crest and reach¬ 
ing lateral margin of pronotum; humeral angles produced, triangular, flattened, 
blunt, tips dark; dorsal crest, nearly square, truncate at tip, posterior margin 
pale; posterior process long, sharp, not quite reaching tips of tegmma. 

Tegmina smoky hyaline, bases opaque and punctate, tips brown. Under¬ 
surface of thorax flavous; abdomen brown. Legs ferruginous. 

Length, 8.5 mm.; width, 5 mm. 

Distribution. Reported from Ontario, New York, New Jersey, 
Pennsylvania and Illinois. There are specimens in the Snow collec¬ 
tion from Kansas City, Mo., so it doubtless occurs in Kansas. 

Hosts . Funkhouser reports this species from hazelnut and oak. 

Telamona ampclopsidis (Harris). 

Membra/ tx cim (Ham#. MS), List Ins. Mass., m Hilelirock, Ool. Mass, )> nH4, 1833. 

Membra/ is anipclopstdia TIanis, R«*pt. Ins Mass., p. .181, 18U 

Theha cyrtoptt Faiimaire, Ann Soe Knt Fr , m*t. 2, iv, p. 310, 1M6, 

Telamona ampelopsidi » Fitch, Hornop N. Y St. Cab., p 51, 1851 

Telamona montirola Uhler, Stand. Nat. Hist., ii, p. 225, fig. 802, 1884. 

Funkhouser gives the following technical description: 

Fine, large, well-marked species; crest high, erect, front, margin nearly per¬ 
pendicular, hind margin sloping; ground color grayish with brown transverse 
fascia across metopidium, deep brown area at frontal base, brown fascia extend¬ 
ing from posterior tip of crest to lateral margin of pronotum; tegmina hyaline, 
with brown tips. 

Head yellowish, faintly marked with brown below, sculptured, finely punc¬ 
tate, sparingly pubescent; eyes prominent, grayish brown; ocelli large, yellow¬ 
ish, nearer to each other than to the eyes; clypeus smooth, pubescent, tip tri¬ 
angular. 

Pronotum finely punctate, very sparingly pubescent; metopidium yellow at 
frontal margin, black spot above each eye, median carina prominent, black; 
humeral angles prominent, blunt, extending beyond the eyes as far as the 
length of the eyes; dorsal crest higher before than behind, margin somewhat 
flattened; posterior process long, strong, heavy, extending almost to tips of 
tegmina. 
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Tegmina hyaline, lightly punctate at base and along costal margins, tips 
brown. Undersurface of body generally uniform gray-brown. 

Male smaller and darker than female, often without characteristic markings. 

Length: female, 10 mm.; male, 8-9 mm. Width: female, 6 mm.; male, 

5 mm. 

Distribution. This species has been reported from Massachusetts, 
New York, New Jersey, Maryland, North Carolina, Illinois, Kansas 
and Colorado. It has boon taken in Kansas in Riley, Leavenworth 
and Douglas counties. 

Hosts. Occurs only on Psedera quinquefolia , our common Virigina 
creeper. 

Gents Telamonanthe Baker. 

The members of this genus greatly resemble those of the preced¬ 
ing genus in general appearance, but they are smaller insects as a 
rule and are all. characterized by having the basal costal cell of the 
tegmina completely punctate. 

One species of the genus has been taken in Kansas and another at 
Kansas City, Mo., so that both doubtless occur in the state. 

These species may be separated by the following key: 

KEY TO SPECIES. 

A Crest nearly quadrate, humeral angles yen’ long. ril-eyi. 

A A. Crest rounded, humeral angles short. modesta. 

Telamonanthe rilvyi (Coding). 

Tclarnoua nleyi Gorimg, Ent. Nt*ws, m, p. 108, 1802. 

Tclarnom ioqmUetti Uoding, Bui Ill. St Lab Nut Hist , m, p. 420, 180). 

TtUimommthv rilvyi Baker, (’an Kut., xx\i\, p 115, 1007 

The original description follows: 

Similar in size and form to coquillctti Coding; the markings are less promi¬ 
nent, lateral horns much less produced. 

Male. Greenish yellow, marked with ferruginous lines, punctured. Head 
greenish yellow, lightly punctured. Prothorax yellowish green, mottled with 
ferruginous, longitudinal, elevated lines; dorsal carina percurrent, a deeply 
impressed dot on each side of its base; dorsal crest somewhat elevated, much 
compressed, strongly compressed anteriorly at base and posteriorly behind 
middle, the highest point of crest at beginning of postesior third, from which 
point it gradually slopes anteriorly in a gentle curve continuous with anterior 
third of prothorax, posteriorly sloping for a short distance, then forming an 
obtuse angle; at the base another obtuse angle is formed, from which the 
median carina curves gently to the apex; lateral angles a little prominent; 
tegmina with basal half coriaceous, apical half subcoriaceous, a brown spot at 
apex. Chest below is dark yellow, coxae piceous. Legs yellow and hairy; 
abdomen yellow. Length, 6 mm. 

Habitat: Mario county, Cal. 
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Distribution. The type specimen came from California. There 
are specimens in the Snow collection from Arizona and from Lincoln 
county, Kansas. 

Hosts. Unknown. 

Telamonanthe modesta (Goding). 

Telamona modesta Coding. Bui. Ill. St. Lah. Nat. Hist, iii, p. 420, 3 894. 

The original description follows: 

Head triangular, hairy; ocelli nearer to each other than to the eyes. 
Prothorax broad, convex in front, gradually elevated back of lateral angles in 
a very high, much compressed, crest, the upper and anterior edges continuously 
curved to base of prothorax; posterior superior angle rectangular, posterior 
edge straight, inclined forward somewhat; posterior process long, depressed, 
acuminate, gradually attenuated to apex; sordid greenish yellow covered with 
black punctures, hairy, two black impressed dots over each eye, one above the 
other; base of posterior process and posterior edge of crest more or less free 
from black punctures. Tegmina with basal half of eorium punctured, sub¬ 
transparent. Legs triquetrous, tibiae punctured with black, covered with 
spines. Abdomen and chest greenish-yellow. 

Length, 8 mm.; breadth 4 mm.; altitude, 5 mm. 

Habitat: Galesburg, Ill. 

Distribution. Types from Illinois, There is a specimen in the 
Snow collection from Kansas City, Mo., so the species undoubtedly 
occurs in Kansas. 

Hosts. Unknown. 

Genus ArchAvSia Stal. 

The members of this genus are at once recognized by the broad, 
leaflike and compressed expansion of the pronotum. 

Van Duzee separates the two species occurring in Kansas by the 
following key: 

KEY TO SPECIES. 

A. Dorsal edge distinctly brown or fuscous, the contour obviously concave 
before the apex. belfragei. 

A A. Dorsal edge concolorous or faintly dotted with brown, contour scarcely 
if at all concave before the apex. galeata. 

Archasia belfragei Stal. 

Archasia belfragei Stal, Of. Vet. Akad. Forh., xxvi, p. 250, 1869. 

ArehaHia canadensis Provancher, Pet. Faune Ent. Can., iii, p. 230, 3889. 

¥ 

Funkhouser gives the following technical description: 

Green, fading to yellowish in cabinet specimens; pronotum high, strongly 
fohaceous, dorsal margin brown; tegmina about half concealed by pronotum; 
posterior process not reaching apices of tegmina. 

Head nearly twice as wide as long, smooth, sparingly pubescent; base high 
and sinuate; eyes very prominent, shining dark brown; ocelli pearly, promi¬ 
nent, nearer to each other than to the eyes. 
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Pronotum closely but weakly punctate, not .pubescent; humeral angles 
small, triangular; dorsal crest very high, flattened, foliaceous, almost vertical 
above head, slightly concave above head, posterior margin gradually hollowed 
out before apex of posterior process, entire dorsal margin flattened and uni¬ 
formly brown. 

Teginma smoky hyaline, bases and costal margins punctate, tips strongly 
marked with brown. Undersurface of body yellow-brown; abdomen brown 
Legs dull yellow-brown; tibiae pubescent. 

Length, 9 mm,; width, 4.5 mm.; height of pronotum, 5 mm. 

Distribution. Van Duzee reports this species from Ontario, 
Massachusetts, New York, New Jersey, North Carolina, Illinois and 
Michigan. There is a specimen in the Snow collection from Kansas 
City, Mo., so it undoubtedly occurs in Kansas also. 

Hosts . Funkhouser gives locust and oak as hosts. 

Archasia galeata (Fabricius.) 

MimbrnriH galeata Fabricius, Syst. Rhyiig., p. 9, 1808. 

Tfieha galeata Famnairc, Ann. Soc. Knt. Fr., scr. 2, iv. p 309, 184G 

Smtlta aunculata Emmons, Nat Hist. N. Y Ins., p. 153, pi. 3, fig. 12, 1854 

The following describes this species: 

(Ircen, fading to yellowish in cabinet specimens; pronotum very high and 
strongly foliaceous, dorsal margin concolorous or spotted with brown; tegmina 
about half concealed by pronotum; posterior process not reaching apices of 
tegmina. 

Head slight 1\ longer than in preceding species, smooth, sparingly pubescent; 
base high and sinuate; eyes very prominent, shining dark brown; ocelli pearly, 
prominent, nearer to each other than to the eyes. 

Pronotum closely but distinctly punctate, sparsely pubescent; humeral an¬ 
gles smaller and more rounded than in preceding species and the dorsal crest 
higher, not concave above the head, with posterior margin not at all concava 
before apex of posterior process, the entire dorsal margin strongly flattened. 

Tegmina smoky hyaline, bases and costal margins punctate, tips slightly 
darker. Entire undersurface and legs yellowish-brown, the tibiae pubescent. 

Length, 9-11 mm.; width, 4.5-5 mm.; height of pronotum, 6 mm. 

Distribution. Van Duzee reports this species from Ontario, New 
York, New Jersey, Pennsylvania, North Carolina, Georgia, Florida, 
Illinois, Iowa, Colorado, Utah and Texas. Specimens are at hand 
from Douglas, Riley, Miami and Cowley counties, Kansas. 

Hosts. Goding mentions Eupatorium, Verbena hastata and oak. 

Genus Smilia Germar. 

The members of this genus are of the same general shape as those 
of the preceding, because of the foliaceous dorsum, but the terminal 
cell of the hind wing is not sessile and truncate, but petiolate and 
triangular. 

A single species occurs in Kansas. 
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Smilia camelus (Fabricius). 

(PI. VII, fi R s. 1, 2.) 

Membuitm camellia Fabucius, Syat. Ilhyng., p. 10, 18OH. 

Smilm vittata Aiuvot & Serville, llenup , p. 589, 1848. 

Thelm camelus Walker, List Ilomop., h, p. 562, 1851 

Theha vittata Walkei, List Homop., iv, p. 1348, 1852. 

Snnlia betulac Godin#, (*»ui. Ent , xxv, p 196, 1808 

Antianthe <ompressa Burkton, Monog. Mpinb., p 191, pi. 41, fig. C, 1903. 

Funkhouser gives the following technical description: 

Pronotum high and foliaceous, extending forward over Ihe head; brown 
w r ith broad diagonal stripe of green or yellowish followed by a parallel trans¬ 
lucent band and a white spot; males much smaller and darker than females. 

Plead triangular, sculptured, yellow with scattered brown punctures and 
hairs; eyes brown; ocelli pearly, margins raised, nearer to each other than 
to the eyes; clypeus continuing inferior line of face, apex slightly produced. 

Pronotum coarsely punctured, punctures farther apart in pale parts; wide 
green band extending from anterior dorsal angle of crest to lateral margin 
of pronotum, this band fading to yellowish in dried insects; wide translucent 
band from behind middle of dorsum to lateral base of crest; white spot at 
posterior base of crest; humeral angles hardly produced, short, rounded; 
posterior process short, pointed, not reaching tips of tegmina. 

Tegmma hyaline, bases punctate with brown, apices brown. Undersur¬ 
face of body brownish yellow. Legs flavous. 

Length: female, 9 min.; male, 7-8 mm. Width: female. 3 mm.; male, 
2.5-3 mm. 

Internal male genitalia. Styles with anterior portions broadened 
and flattened as in Tclamona , the sparsely spined posterior portions 
of nearly same width to the laterally curved and doubly toothed 
apices; connective large, broad, much as in Telamona; mdagus, 
viewed laterally, large, U-shaped, anterior arm lightly chitinized 
and longer than the more heavily chitinized posterior arm, with a 
distinct knob at base and also about midway up the anterior arm, 
the posterior arm with functional orifice on caudal aspect of apex 
and covered with teeth on the cephalic aspect. 

Distribution . Van Duzee reports this species from Ontario, New 
Hampshire, Massachusetts, New York, New Jersey, Pennsylvania, 
North Carolina, Georgia, Florida, Illinois, Michigan, Iowa, Mis¬ 
souri, and Texas. Specimens have been taken in Kansas in Douglas 
and Montgomery counties. , 

Hosts. Funkhouser gives locust and oak as hosts. 

Genus Cyrtolobus Goding. 

The members of this genus are usually brownish insects without 
prominent humeral angles, with a compressed dorsum, and fre¬ 
quently with a thin, semitransparent spot below the dorsal ridge. 
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The genus is represented by at least nine species in Kansas, which 
live on various species of oaks. 

Van Duzee divides the genus into four subgenera which he sepa¬ 
rates by the following key: 


KEY TO SUBGEN EKA. 


Pronotum strongly inflated posteriorly, the crest forming an inflated cyst be¬ 
fore and behind the median pale spot. Xantholobus. 

Pronotum not strongly inflated, the crest however, usually more or less dis¬ 
tinctly compressed on the median spot. 1 

1. Dorsal crest low and sinuated at the middle; form elongated and 

much depressed Evashmcadm. 

Dorsal crest not distinctly sinuated abo\ e. 2 

2. Crest highest anteriorly over or before the humeral angles, the dor¬ 
sum sloping and nearly rectilinear to the apex. Atyrrma. 

Crest regularly arcuated above in the more typical examples, or in 
any case with the highest point at or near the middle. 

Cyrtolobus. 

Subgenus Cyrtolobis Goding. 

KEY TO SPECIES. 


A. Dorsum without anterior notch or depression. 

B. Crest well developed. 

BB. Crest distinctly lower. 

AA. Dorsum with anterior depression before ele\ation. 

B. Crest arising before humeral angles. 

BB. Crest arising behind humeral angles. 

C. Large species, at least 9 mm. in length. 

CC Small species, not over 7 mm. in length. 

D. Crest low or obsolete, 

E. Species distinctly brownish. 

EE. Species distinctly greenish. 

DD. Crest well developed; pronotum with distinct oblique 
bands. vau. 


cHsus 

jenesiratus. 

fuliqmosus. 

tuberosus 


qrtseus. 
a Hereus. 


Cyrtolobus cels us Van Duzee. 

Cyrtolobus nlsus Vhii Duzee, Check List Hetmp., p 60, 1616 (n. n. for fcncstratu* 
Van D.). 

Ovrtolobuis fenej-tratus Van Duzee. Bui. Buf. Soc Nat. Hoi., ix, p 81, 1»0fl 


The following is the original description: 

Pronotum well elevated, highest at about the middle, almost regularly arcu¬ 
ated from base to tip, the dorsal line a very little broken at the posterior vitta. 
Head and the pronotum anterior to the oblique line pale yellowish testaceous, 
punctured and varied with brown; from above each eye a brown indefinite 
vitta curves backward over the humeral angle; anterior oblique vitta almost 
perpendicular at first, approaching the elongated median mark, then deflected 
and again widened at apex so as to pass almost straight across the dorsal 
carina; posterior vitta transverse, represented in my Atlanta specimen only by 
a narrow spot on the carina; the surface behind the anterior vitta darker, m 
one example almost piceous. Elytra hyaline, the smoky apex small and pale. 
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Face coarsely punctured; elypetis broad, moderately produced, and strongly 
incurved. 

Length, 6 mm.; height, 3 rum. 

Distribution. Van I)uzee reports this* species from Massachu¬ 
setts, New York, New Jersey and Georgia. It has also been taken 
near Kansas City, Mo., and therefore undoubtedly occurs in Kansas. 

Cyrtolobus fenestratus (Fiteh). 

('yrtosm fevestrata Fitch, lloinop. N. Y. HI Cab, p, 49, 1851. 

('}yrotolobus fvnratmtua God mg, Can. Ent., xxv, p. 172, 1893. 

Cyrtolobus mu tic us Van I)u***e, Bui Buf. Hoc. Nat. Sci., iv, p 83, 1908 (m part). 

The following is the original, description: 

Yellow marbled with rufous; a pellucid spot behind the summit of the keel 
and a smaller one halfway to the apex; an oblique yellow vitta below the an¬ 
terior spot, margins with fuscous or sanguineous; tip of the thorax reaching 
beyond the terminal cells of the elytra. Male black, the pellucid spots almost 
obsolete and the yellow vitta replaced by a few yellow dots. 

Length, 0.25, On oaks. 

Distribution. Vail Duzee reports this species from Massachu¬ 
setts, New York, New 7 Jersey, Pennsylvania, North Carolina, Geor¬ 
gia, Florida, Mississippi, Ohio, Illinois, Colorado, Dakota. Speci¬ 
mens have been taken at Kansas City, Mo., so it surely occurs in 
Kansas. 

Cyrtolobus fuliginosus (Emmons). 

Cyrtoaia fuhginosa Emmons, Nat Hist. N. Y. Ins., p. 154, pi. 13, fig. 15, 1854 

Cyrtolobus fuliginosus Ciodmg, Con. Ent., xxv, p 172, 1893. 

Funkhouser gives the following technical description: 

Near C. ovatua m appearance, but smaller, darker, and with lower crest; 
dark sordid brown with faint transverse bands; head projecting slightly for¬ 
ward; posterior process just reaching tips of tegpiina; tegmina strongly 
marked with brown, apices lighter. 

Head somewhat extended forward, yellow, mottled with deep brown, deeply 
punctate with brown, not pubescent, a black spot at base of head above each 
ocellus; eyes large, brown, lighter in color than remainder of head; ocelli 
small, pearly, about equidistant from each other and from the eyes; clypeus 
convex, sculptured, a brown line on each side, tip continuing rounded inferior 
outline of face. 

Pronotum dark brown, transverse fascia extending from anterior base of 
crest to lateral margin of pronotum, this fascia light brown before and very 
dark brown behind; entire pronotum deeply and densely punctate; humeral 
angles weak, angular but blunt; dorsal crest regularly arcuate from above 
humeral angles to base of posterior process; posterior process heavy, short, 
blunt, just reaching apices of tegmina. 

Tegmina smoky brown, apical cells lighter, apical margins fuscous, bases 
and costal margins roughly punctate. Legs and undersurface of body flavous. 

Length, 6 mm.; width, 2.5 mm. 
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Distribution. Hitherto reported only from New York. Specimens 
have been taken, however, at Kansas City, Mo., and so it may safely 
be included in the Kansas fauna. 

Hosts. Funkhouser reports it from white oak. 

Cyrtolobus tuberosxis (Fairmairc). 

Theha tubcrosus Fairmaire, Ann. Soc Ent.. Fr., s<»r. 2, iv, p. 807, 1846. 

Cyrtolobus tuberosus Goding, Bui. Ill. St. Lab. Nat. Hist., m, p. 433, 1894. 

Funkhouser gives the following technical description: 

Largest species of the genus; brown mottled with darker brown; dorsal 
compression strikingly transparent; dorsal crest situated well back on prono- 
tum, posterior process very short; tegmina smoky hyaline tipped with brown. 

Hoad triangular, broader than long, ochraceous tinged with red and punc¬ 
tate with brown, not pubescent; base weakly sinuate; inferior margin of face 
strongly sinuate; eyes large, brown; ocelli small, yellowish, slightly protrud¬ 
ing, nearer to each other than to the eyes; clvpeus convex, brown line on each 
side, tip extended and hairy. 

Pronotum deeply and closely punctate, light greenish brown; crest dark 
brown with pale compression at anterior base, in the middle, and at. posterior 
base; middle compression very largo and transparent, posterior half of crest 
dark brown with color extending in a dark band to margin of pronotum; 
metopidium very convex, median carma prominent; humeral angles promi¬ 
nent, rounded; posterior process short, sharp, brown, inferior lateral margin 
slightly sinuate, not reaching tips of tegmina. 

Tegmina brownish hyaline, tips strongly marked with brown, bases punc¬ 
tate. Undersurface of thorax yellow. Legs ferruginous, hind trochanters 
marked with brown; tarsi flavous; claws brown. 

Length, 9.5 mm.; width, 4 mm. Male smaller than female, but similarly 
colored. 

Distribution. Reported by Van Duzee from Massachusetts, New 
York, Nortli Carolina, Georgia, Florida, Mississippi and Illinois. 
There is a specimen in the Snow collection from Kansas City, Mo., 
so it is sure to occur in Kansas. 

Hosts. Funkhouser reports it from red oak and hickory. 

Cyrtolobus griseus Van Duzee. 

Cyrtolobus griseus Van Duzee, Bui. Buf* Soc. Nat. Sci., ix, p. 90, 1908. 

The following is the original description: 

This form, which is very near cinerous, is of an almost uniform dark cinerous, 
closely punctured with fuscous. The only conspicuous marking is the oblique 
blackish vitta which in cinerous bounds the hind margin of the anterior oblique 
vitta. Before and behind this brown band or line the surface is a little lighter 
and there is a suggestion of the median dorsal spot and transverse posterior 
vitta. In some specimens there is an arcuated longitudinal brown vitta on 
either side of the metopidium. Here the elytra are hyaline with the costal 
base ferruginous grey and punctured, and the apex has a small fuscous cloud. 
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The tergum is black with a broad white band at the base as in the allied spe¬ 
cies, which, showing through the closed elytra, indicates the markings found 
on the elytra of drier eus. Face obviously longer and more convex than in 
cincrvw $, with the basal middle depressed, and the olypeus and lone together 
larger, the former much broader, more convex and more decurvod and rounded 
at, apex. 

Distribution . The type material was taken at Effingham, Kansas. 
Cyrtolobus cinereus (Emmons). 

Oar yarn cmervm Emmons, Nat. Hist. N. Y. Ins , p. 158, pi. 13, fig. 3, 1854. 

Cyrtosm arnata Piovanchet, Pet. Faun© Ent Can , in, p. 240, 1880. 

Cyrtosui cinerca Harrington, Ottawa Nat , vi, p. 30, 1802. 

Cyrtolobus nnereum Coding, Can Ent,., xxv, p. 172, 1893 

Atymna cmereum Coding, Bui. Ill. St. Lab Nat. Hist, , in, p. 430, 1894. 

Cyrtolobus ctnerrm Van I>uzee, Bui. Buf. Soc. Nut. Sci., ix, p. 91, 1908. 

Funkhouser gives the following technical description: 

Small greenish gniy mottled w r ith brown and banded wuth green; pronotum 
low and regularly arcuate; motopidium convex; posterior process short but 
sharp; tegirnna wrinkled, hyaline, apices brown. 

Hoad convex, pale grayish green, sharply punctate with black, sparingly 
pubescent; base nearly straight; eyes prominent, brown; ocelli large, reddish, 
prominent, slightly farther from each other than from the eyes and situated 
slightly below an imaginary line extending through centers of eyes; clypeus 
flat, somewhat tnlobed, a faint brown line on each lsdc, extending below in¬ 
ferior margin of face. 

Pronotum green-gray tinged with reddish, closely punctate, not pubescent; 
dorsal crest very low\ median spot on margin pale; a transverse pale band bor¬ 
dered with brown extending from anterior base of crest backward and down¬ 
ward to lateral margin of pronotum, a similar hand extending from base of 
posterior process downward and forward to almost meet the anterior stripe 
and form a V with it; posterior process short., not reaching tips of tegmina. 

Tegmina wrinkled, hyaline, brown spot at base of each, another in middle, 
and a third at tip; areas between hyaline. Legs and undersurface of body 
grayish flavous. 

Length, 5.8 mm.; width 2 5 mm. 

Distribution. Reported by Van Duzee from Quebec, New York 
and New Jersey. A single specimen of this species was taken in 
Douglas county, Kansas, and is in the Snow collection. Specimens 
have also been taken in Riley county. 

Cyrtolobus van (Say). 

(PL VII, fig*. 5, 6.) 

Mem brans van Say, JI. Acad. Nat. Sci. Plnla., vi, p. 299, 1831. 

Theha seinifasna Walker, List Homop., li, p. 501, 1851. 

Srnilta vuu Fitch, Homop. N. Y. St. Cab., p. 48, 1851. 

Theha vau Walker, List Homop., iv, p. 1142, 1852. 

Cyrtosia vaw Piovaneher, Pet. Faun©. Ent. Can., iii. p. 288, 1889. 

Cyrtosm f orient rata Provancher, Pet. Favne Ent. Cun., iii, p. 239, 1889. 

Cyrtolobus nigra Coding, Can. Ent., xxv, p. 172, 1893. 

Cyrtolobus punvtifrontis Goding, Can. Ent., xxv, p. 172, 1893 
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Cyrtolobus tricivcta Coding, Can. Ent., xxv, p. 172, 1893, 

Cyrtolobus vau Coding, Can. Ent., xxv, p. 172, 3803. 

Thelta fasciata Buckton, Monog. Mraxibr., p. 189, 1803. 

Aryantc send fas data Buckton, Monog. Mentbr., p. 189, pi. 40, fig. 9, pi. 41, fig. 1, 1903. 

Cyrtolobus varius Smith, Cat Ins. N. J., udn. 3, p. 92, 1010. 

Funkhouser gives the following technical description: 

Small robust species, with low pronotum and prominent, markings; varies 
greatly in color and somewhat in size; females larger and lighter than males, 
hut with constant markings; transverse pronotal hand prominent, pale bor¬ 
dered with deep brown; dorsal compression deep and translucent; posterior 
process short, blunt, not reaching tips of tegrnina; tegmina hyaline, with bases 
and tips slightly brown. 

Head small, subtnangular, pale yellow punctured with brown; base feebly 
sinuate; inferior margin of face sinuate, clypeus extending slightly below line; 
eyes large, gray-brown; ocelli small, yellowish, somewhat nearer to each other 
than to the eyes; clypeus hairy. 

Pronotum closely and roughly punctate; median compressed spot round, 
transparent; dorsal crest low, arising above humeral angles and gradually ex¬ 
tending with only a faint sinus before posterior process; posterior process short, 
blunt, teotiform, reaching to bases of apical cells of tegmina. 

Tegmina hyaline, veins prominent., bases and apices smoky hyaline. Legs 
and undersurface of body uniform flavour. 

Length, 5 .5-6.5 mm.; width, 2.4*2.6 mm. 

Internal male genitalia . Styles rather long and slender, curved 
strongly latcrad apically, and bearing several spiny tubercles on the 
lateral margins just eephalad of the terminal tooth; connective tri¬ 
angular; oedagus, viewed laterally, large, U-shaped, anterior arm 
slightly chitinized and with a large prominence about half way on 
its cephalic aspect, posterior arm heavily chitinized, apex with file¬ 
like teeth on the side opposite the functional orifice. 

Distribution. Reported by Van Duzee from Ontario, Maine, New 
Hampshire, Massachusetts, New York, New Jersey, Pennsylvania, 
District of Columbia, North Carolina, Georgia, Florida, Illinois, 
Kansas, Missouri, Arkansas, Texas, New Mexico and Colorado. 
There are specimens in the Snow collection from Douglas, Riley, and 
Pottawatomie counties, Kansas. 

Hosts. Funkhouser gives white, chestnut, red and scarlet, oak 
as hosts. 

Subgenus Atymna Stal. 

In this subgenus the pronotum is highest at the anterior end. 
It is represented in Kansas by a single species. 

Cyrtolobus querci (Fitch). 

(PI. VII, figs. 8, 4.) 

Smilia querci Fiteh, Homop. N. Y. St. Cab., p. 49, 1851. 

Thehu querci Walker, List Homop., iv, p. 1143, 1852. 

Gargara querci Emmons, Nat. Hist. N. Y, Ins., p. 156, pi. 13, fig. 8, 1864. 
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Atymna quern Van Duzee, Psycho, v, p. 390, 1890. 

Cyrtolobus ( Atymna) qucrei Van Duzee, Bui. Bilf. Soc. Nat, Sci'., v, p, 188, 1894. 

Funkhouser gives the following technical description: 

Females large and green, males smaller and brown with a broken yellow 
median dorsal stripe; body long and narrow; crest highest above humeral 
angles and gradually sloping to posterior apex without a sinus. 

Female. Head projecting slightly forward, pale yellow, sculptured, irregu¬ 
larly punctate, not pubescent; eyes very prominent, reddish; ocelli not promi¬ 
nent, yellow; clyppus extending below inferior margin of face. 

Pronotum uniform green, roughly punctate, not pubescent, dorsal line 
faintly marked with brown; posterior process short, acute, not reaching tips 
of tcgmina. 

Tegmina entirely hyaline, bases and costal margins faintly punctate; hind 
wings iridescent. Legs and undersurface of body green. 

Length, 7 mm.; width, 2.5 mm. 

Male. Head sordid yellow, sculptured, sparingly punctate; eyes prominent, 
brown; ocelli pearly; clypeus marked with brown at base. 

Pronotum chocolate brown with bright yellow stripe on median dorsal line 
and yellow band before apex. 

Tegmina smoky hyaline with brown cloud at apices. Undersurface of 
thorax brownish; abdomen \cry dark brown, nearly black. Legs flavons; tarsi 
ferruginous; claws fuscous. 

Length, 6 mm.; width, 2 mm. 

Internal male genitalia. Styles small, anterior portion quite short, 
posterior portions larger, bearing spiny protuberances apically; con¬ 
nective rather large, triangular; oedagus, viewed laterally, very large 
compared with the styles, anterior arm long and slender, posterior 
arm stout and with many filelike teeth on the side opposite the 
functional orifice. 

Distribution. Van Duzee reports this species from Ontario, Con¬ 
necticut, New York, Pennsylvania, North Carolina, Georgia, Illi¬ 
nois, Michigan, Iowa and Missouri. Specimens having been taken 
at Kansas City, Mo., it is sure to occur in Kansas. 

Subgenus Xantholobus Van Duzee. 

In this subgenus the pronotum is distinctly inflated posteriorly. 
It is represented in Kanas by a single species. 

Cyrtolobus mutiem (Fabricius). 

Mcmbrans mutiva Fabrjcius, Geneva* Ins./p. 297, 1776. 

Cuada rnutica Gmelin in Linnaeus, Syst. Nat., edn. 18, i, pt. 4, p. 2093, 1778. 

Crntrotm rnutica Fabricius, Syst. Hhyng., p. 21, 1803. 

Membraus trilmeatun Say, Long’s 2nd. Exped., p. 800, 1824; Compl, Writ, i, p. 200. 

Cyrtomi mutica Stal, Heimp. Fabr., ii, p. 25, 1869. 

Cyrtima trihneafa Provancher, Pet. Fauna Ent. Can., iii, p. 289, 1889. 

Cyrtolobus mu tic us Coding, Bui. 111. St. Lab. Nat. Hist., m, p, 431, 1894. 
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Funkhouser gives the following technical description: 

Yellowish tinged with red; transverse band of pronotum often absent; 
pronotum long; head slightly projecting forward; eyes tinged with reddish; 
posterior process reaching tips of teginina; tegmina entirely hyaline or 
faintly clouded with yellow. 

Head slightly protruding forward, yellow with red punctures, sculptured, 
not pubescent; base irregularly sinuate; eyes gray marked with red; ocelli 
small, translucent, somewhat nearer to each other than to the eyes; clypeus 
swollen, convex, continuing inferior outline of face, tip slightly extended, 
hairy; antennae prominent. 

Pronotum yellowish with irregular reddish areas, deeply and roughly 
punctate, not pubescent; transverse band when present pale with reddish 
borders; humeral angles weak, blunt; dorsal crest elliptical, very slight smus 
before base of posterior process, compressions not deep; posterior process 
heavy, blunt, just reaching tips of tegmma. 

Tegmina hyaline or clouded with reddish yellow, tips pale, veins in some 
cases yellowish, bases and costal areas irregularly punctate. Legs and under¬ 
surface of thorax flavour; abdomen sordid yellow. 

Length, 6 rnm ; width, 2 8 mm. 

Distribution. Reported by Van Duzee from Quebec, Rhode 
Island, New York, Pennsylvania and Illinois. In the Snow col¬ 
lection there are specimens from Kansas City, Mo., and some taken 
in Douglas county; Kansas. The writer took a specimen at St. 
Paul, Minn. 

Genus Ophiderma Fairmaire. 

The members of this genus have a compressed and rounded dor¬ 
sum which entirely lacks a crest. 

It is represented in Kansas by three species, which may be sep¬ 
arated by the following key: 

KEY TO SPECIES. 

A. Color, brown or mottled. 

B. Species smaller, mottlings more distinct. salamandra. 

BB. Species larger, mottling dull. flaxnguitula . 

A A. Color, green or yellowish green. fiava. 

Ophiderma salamandra Fairmaire. 

(PI. VI, figs 1,2) 

Ophiderma nalomavdra Fairmaire, Ann. Soc. Ent. Fr , ger. 2, iv, p. 493, 1846. 

Funkhouser gives the following technical description: 

Large brown species; dorsum rounded and very pubescent with short, black, 
bristly hairs; posterior process short, suddenly acute, not reaching apices of 
tegmina; tegmina hyaline, bases and costal areas strongly punctate, tips 
clouded with fuscous, veins very prominent; under part of body dark; males 
smaller and darker than females. 
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Head broader than long, yellow, feebly punctate, very hairy; base slightly, 
uniformly curved; eyes large, brown; ocelli prominent, red, nearer to each 
other than to the eyes; inferior margin of face sinuate; clypeus yellow with 
two vertical stripes of red; base hairy. 

Pronotum coarsely punctate, densely pubescent, brown mottled with green; 
dorsum rounded, slightly depressed behind middle, lateral margin curved 
downward at, middle; posterior process short, suddenly acute, not reaching 
tips of tegmina 

Tegmma smoky byline, veins very prominent, nearly all of basal half below 
pronotum strongly punctate, tips clouded with fuscous; hind wings iridescent. 
Undersurface of head and thorax fuscous; abdomen flavous. Femora and 
tibiae strongly marked with dark brown. 

Length, 7.6 mm.; width, 3.2 mm. 

Internal male genitalia. Styles rather short and broad, especially 
basallv, posterior portion more slender, apices curved strongly 
latcrad and ending in a small but distinct terminal hook on the 
lateral margin, in front of which is a distinct prominence which 
tapers gradually to the hook, the apical fourth of the styles bearing 
a few spines; connective almost pentagonal, with a pair of distinct 
knobs at the basal angles; oedagus, viewed laterally, U-shaped, 
anterior process with a large anterior prominence near the middle, 
posterior arm curved, the apex bearing the functional orifice caudally 
and many filelike and distinct teeth on its cephalic aspect. 

Distribution . Reported by Van Duzec from Ontario, New Hamp¬ 
shire, Massachusetts, New York, New Jersey, Pennsylvania, District 
of Columbia, Virginia, Georgia, Florida, Illinois and Michigan. 
There are specimens in the Snow collection also from Wisconsin, 
Arizona and Kansas City, Mo. It has also been taken in Potta¬ 
watomie county, Kansas. 

Hosts. Oaks. 

Ophiderma flail gut tula Goding. 

Ophtdatnu Jlavujiittula Gutting, Rill 111 St Lab Nal Hist , m, j> 438, 1804. 

Ophiderma tlavoouttata Slosson, Ent. News, wji, p 32<», Haiti 

The original description follows: 

Fcinalt'. Head triangular, yellowish; eyes prominent, dark brown; ocelli 
equidistant from each other and from the eyes, red; convex, densely pubes¬ 
cent. Prothorax with very slight median carma, densely pubescent, an 
irregular yellow patch starting at lateral bolder and extending upwards and 
forwards, midway lad ween base and apex; an irregular band at base, con- 
colorous with head, extending along sides in a greenish gray lint*; otherwise 
dirty brown, lightly punctured; apex of posterior process not reaching apex 
of tegmina. Tegmina* subcoriaccous at base, lightly punctured, basal half 
and apex brown. lJelow yellow, feet and legs brown. 

Length, 6.2 mm. 
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Distribution. Reported by Van Duzee from New Hampshire, 
Pennsylvania and Illinois. There are specimens in the Snow col¬ 
lection from Kansas City, Mo., so it undoubtedly occurs in Kansas. 

Hosts . Probably oak. 

Ophiderma jlava Coding. 

Op)nderma flara Goclmg, Jnneet Life, v, p 98, 1892 fiiomcn nudum) 

Ophiderma flara God mg, Bui. Ill. St. Lab. Nat. Hist, , ni, p. 481*, 1894. 

Funkhouser gives the following technical description: 

Largo greenish yellow species, fading to sordid yellow m cabinet specimens; 
body robust and long; posterior process not reaching apices of tegmina; 
tegmma hyaline, brown at base and fuscous-clouded at tips. 

Head much broader than long, green, weakly and sparingly punctate, 
smooth, shining, sparingly pubescent; eyes large, red; ocelli prominent, red¬ 
dish, about equidistant from each other and from the eyes; clypeus smooth, 
nearly black, bast* regularly rounded, tip extending below inferior margin of 
face. 

Pronotum uniform green, in some cases tinged with reddish, closely and 
densely punctate, finely pubescent; dorsum rounded, depressed behind middle, 
median earma percurrent; posterior process heavy, tectifonn, acute, not ex¬ 
tending to tips of tegmma. 

Tegmina hyaline, bases reddish and punctate, tips clouded with fuscous, 
veins heavy and inclined to be punctate along maigin. Legs and undersur¬ 
face of body entirely fhivous. 

Length, 7-8 mm.; width, 3-4 mm. 

Distribution. Reported by Van Duzee from Quebec, Massa¬ 
chusetts, New York, Pennsylvania, North Carolina, Illinois, Michi¬ 
gan. There are specimens in the Snow collection from Columbia, 
Mo., and from Chautauqua county, Kansas. 

Hosts. Unknown. 

Genus Vanduzea Coding. 

The members of this genus are distinguished by the transverse 
and basally truncate terminal cell of the elytra. 

A single member of the genus is knwyn to occur in Kansas. 

Vanduzea triguttata (Burmeister). 

(PI. VI, figs. 7,8.) 

Etitylia triputtata Bwmeister, Sill*. Rt'V. Enf., iv. p, 183, 1830 

Vanduzea vestila Coding, Insect Life, v, p. 93, 1892. 

Cyrtolobns annexm (Uhl. MS) Townsend, Can. Ent , xkiv, p. 190, 1892. 

The following is Coding's description: 

Head broad, black, perpendicular, triangular, a narrow dusky brown mark 
on upper edge just below origin of carina. Eye* prominent; ocelli equidistant 
from each other and the eyes. Front of prothorax blackish brown, failing 
posteriorly to a reddish brown in a triangular form, the apex of which reaches 
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three-fourths of the distance to apex of posterior process; lateral angles slightly 
produced; sides of prothorax from just behind lateral angles to apex black, 
interrupted by a light, yellow, or whitish, trapezoidal spot on each side just 
behind middle of inferior border; just before the apex a white band across 
posterior part of process, Tegmina clear, with dark brown veins, or brown 
with a lighter band across middle. Legs and feet brown or black. 

Length, 4.7 mm. 

Internal male genitalia. Styles broad and flat basally, apical half 
slender, apices curved strongly dorsad and ending rather bluntly, 
bearing a few spines; connective nearly quadrangular, the base con¬ 
cave; oedagus, viewed laterally, reshaped, anterior arm enlarged 
toward the base, posterior arm of nearly same width throughout, 
the apex bearing caudallv the functional orifice and cephalad many 
filelike teeth. 

Distribution. Reported by Van Duzee from District of Columbia, 
Florida, Colorado, New Mexico and Arizona. The writer has taken 
it at St. Paul, Minn. It has been taken in the following Kansas 
counties: Morton, Clark, Stevens, Logan, Haskell, Seward, Riley, 
Hamilton, Pottawatomie, Douglas and Miami. 

Hosts. Common on black locust. Also taken by the writer on 
Amorpha. 

Genus Entylia Germar. 

The members of this genus are characterized by their high com¬ 
pressed dorsum, which bears a deep median notch. 

A single species of the genus is known to occur in Kansas. 

Entylia concua Walker. 

(Pi. vi, figs, 5, «.) 

Eriylta counsel WalktT, List Hornop., u, p. 047, 1851. 

Entylia decisa Walker, List Hornop., n, p. 548, 1801. 

Entylia concava Piovanoher, Pet. Faune Ent. Can., in, j). 233, 1889 

The following is the original description: 

Ferruginea; prothoraeis carina alte bicristata, utrinque albo interrupts et 
oblique fasciata; pedes flavi; alte limpid®; ala* antic® basi et ad coetam fulvae. 

Ferruginous; head and thorax roughty punctured; head transverse, almost 
semicircular, narrower than the fore-chest, slightly impressed with an indis¬ 
tinct middle suture which extends to the face, the hind border of the latter is 
angular and occupies nearly half the length of the head; shoulders very ob¬ 
tusely angular, not prominent: 'fore-chest forming two lofty compressed keel¬ 
shaped crests which incline towards each other and inclose three-fourths of a 
circle; the first rises between the shoulders and is truncated at the tip; the 
second is lower and above the keel; the latter is rather deep and extends far 
beyond the tip of the abdomen, whose sides it embraces; the irregular ridges 
on the sides of the crest communicate with the ridges of the keel, and the lat¬ 
ter has an oblique white interrupted band on each side behind the second 
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crest; breast pitchy; abdomen black; a stripe on each side beneath and the 
tip yellow; legs yellow; wings colorless; fore-wings tawny at the base and along 
more than half the length of the fore border; veins pitchy, tawny where the 
wings are so, pale yellow near the tip of the fore border. 

Length of the abdomen, 2Vj lines; of the wings, 4 Ms lines. 

Var. H . Breast and abdomen tawny; white bands of the keel hardly visible. 

Var. y. Breast and abdomen black; tip of the latter tawny. 

St. John's Bluff, E. Florida. 

Internal male genitalia. Styles small, anterior portion narrow, 
posterior part stouter, the apices curved strongly laterad and ending 
in a stout hook; connective large, triangular, apex abtuse, and longi¬ 
tudinally divided; oedagus, viewed laterally, U-shaped, anterior arm 
with a distinct protuberance, posterior arm stouter and ending in a 
large, serrated point. 

Distribution. Van Duzee reports this species from District of 
Columbia, North Carolina, Georgia and Florida. It has been taken 
in Douglas, Pottawatomie and Wilson counties, Kansas. 

Remarks. Funkhouser feels that E. smuata is the very small 
southern form, E . bactriana the northeastern, and that E. concisa is 
our Kansas species. In the present confused status of the members 
of this genus it is perhaps best to accept his conclusions and to 
change our Kansas species to E. concisa instead of calling it E. sm - 
uata, as did Miss Branch. 

Hosts. Miss Branch reports this species from Melilotus alba, 
Cnicus altissimws, Phlcmn alpinnm, Helianthvs annum, Medicago 
sativa , and Ambrosia sp. The writer has taken it very commonly in 
all its stages from Arnbrosia triftda, Xanthium sp., and Hclianthus 
tuber asm. 

Genus Publilia Stal. 

The members of this genus are closely related to those of the pre¬ 
ceding genus, but have a much lower crest and a much weaker me¬ 
dian notch. 

All of the members of the g&nus found in the United States occur 
in Kansas. These may be separated by the following key given by 
Van Duzee. 

KEY TO SPECIES. 

A, Dorsum straight or feebly arcuated, scarcely if at all sinuatcd; form more 
slender. modcsla. 

AA. Dorsum more elevated, obviously sinuated. 

B. Sides of the pronotum with longitudinal rugae which become more 
or less reticulated along the dorsum. concava . 

BB. Rugae of the pronotum strong, irregularly reticulated over its whole 
surface. reticulata. 
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Publilia modesta Uhler. 

(PI. VI, fig. 3, 4.) 

Pubhha morlexta Uhlei, Bui. U. S. Geol. Gf l og Surv., i, p. 344, J87fi 

Pubhlm binnctura God mg, Ent News, in, p. 200, 1892. 

The original description follows: 

Genera] form of P. convava Say, but more decidedly vertical in front, and 
with the dorsal outline scarcely depressed before the middle; apex of the pro- 
notum more slender and acute. Color pale yellow; the head and fore part of 
pronotum clouded with pale brown; a spot above the humeri, a broad oblique 
band behind the middle, and a broad cloud on the apex grayish brown; the 
dorsal edge irregularly spotted with dark brown, and the oblique band sur¬ 
mounted bv a large brown spot The surface closely beset with series of coarse 
sunken punctures, the longitudinal and reticulated surface lines obsolete. 
Humeral margin of the sinus wa\ed. Under side piceo-testaceous; the front, 
dypeus, pectus and venter, excepting the edges of the segments, bluck-piceous. 
Legs.dull yellow, closely pubescent. clouded, and spotted with brown 

Length, 4 to 4Mi mm., breadth of pronotum, 2 mtn. 

Colorado (C\ Thomas), also discovered in Utah, Dakota, Arizona, New 
Mexico, California. 

In two specimens examined, the commonly raised lines on the surface oi the 
pronotum were obliterated 

Distribution. Besides the above localities .specimens have been 
taken in Kansas m (love and Trego counties. 

Hosts. Gillette and Baker report this species on Solidago , alfalfa, 
ilclianthus, Ira , and Artcmesia. Ooding gives (llijcyrrhiza tepidota 
and inesquite as hosts. 

Publilia concara (Say). 

Me mb ran « eonram Sa\, Long'h 2nd Expcd , n, p. 301, 1824, Compl. Wnt., j. p 200. 

Kntyha concaea Otmmi, S»ll» Ii« v Enl , in, p. 240, 1835 

Publtlui contain Stal, AnoUrta JIimii , p. 388, 1800 

Certs a conrava Kathvon, in Momherl’s Hint Lane. Co, Pi:, p. 551. 1800 

Publilia t/risca Burk ton, Monog Mttiibi., p 184, pi. 39, fig. 5, 1903 

Pubhlm nit tat a Burkton, Monog Mombr , p. 185, pi. 39, fig. (>, 1903 

Funkhouser gives the following technical description: 

Varies greatly in color and somewhat in shape, particularly in form of dor¬ 
sal smuat.ion; color varies from gray to black; dorsum convex, tectiform, 
faintly ribbed, dorsal sinus shallow; pronotum irregularly ridged, deeply punc¬ 
tate; tegmma largely covered by pronotum, basal half of each costal area 
strongly punctate. 

Head slightly projecting, strongly punctate with black; base nearly straight; 
inferior margin rounded; eyes hot prominent; ocelli prominent, usually red¬ 
dish; clvpeus rounded, very wide at tip. 

Pronotum deeply, densely and coarsely punctate, lateral areas marked with 
high, distinct, irregular, longitudinal ridges; dorsal margin sinuate just be¬ 
hind humeral angles, ainuation usually very shallow; posterior lobe gradually 
elliptical to posterior apex; posterior process heavy, high, tectiform, blunt., ex¬ 
tending just beyond tips of tegmina. 
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Tegmina almost entirely concealed by pronotum; exposed costal margins 
opaque and punctate for basal half, apical areas hyaline, tifis fuscous. Under¬ 
surface of body and femora usually very dark, generally black. Legs flavous. 

Length, 5 mm.; width, 2.5 mm. 

Internal male genitalia. Styles long and slender, the extreme an¬ 
terior portion bent strongly laterad, widest opposite connective, the 
posterior part with distinct apical hook; connective widest at the 
concave base, the apex truncate; oedagus, viewed laterally, with 
strong anterior arm which bears two prominent rounded promi¬ 
nences, the posterior arm more slender, the apical portion bearing a 
few indefinite teeth on caudal margin and the apex characteristically 
retrorselv hooked. 

Distribution. Van Duzee reports this species from Ontario, New 
York, New Jersey, North Carolina, Ohio, Illinois, Iowa, Missouri, 
Kansas, Arkansas, and Utah. It is also known to occur in Mexico. 
Specimens have been taken in Kansas in Douglas, Pottawatomie, 
Riley, and (Jove counties 

Hosts. Funkhouser gives golden rod and skunk cabbage* as hosK 
Coding mentions Canadian thistle. The writer has taken it in all 
stages on Ambrosia trifida . 

Publilia reticulata Van Duzee. 

I'uhhl/a irtiruluta \ un I)iueo, Bui But Koc Nal Sri, ix, p 10(5, lfJOh 

The following is the original description: 

Closely allied to conrana but with the surface of the pronotum reticulated 
with strong anastomosing rugsr in place of the four or five simple longitudinal 
canine found in that species. These ruga* give the surface a strongly corru¬ 
gated or areolated appearance Surface between the mgie deeply punctured 
Metopidium more vertical than in conrara , the pereurreni carina more ele¬ 
vated and the dorsal sinus somewhat deeper. Apical margin of the head dis¬ 
tinctly sinuated next the eye, then very obtusely arcuated about the apex. 
Color blackish or fuscous, speckled or blotched more or less with testaceous on 
the head and front of the pronotum as far as the dorsal sinus; and with a tri¬ 
angular whitish testaceous spot on the apical fourth of the lateral margin, 
which may be prolonged somewhat along the margin anteriorly and indis¬ 
tinctly across the disk as an incomplete subapical vitta. Venter, tibia* and 
tarsi pallid, the disk of the ventral segments more or less black 

Length, 4 mm. 

Distribution. Van Duzee reports this species from New Jersey, 
Pennsylvania, North Carolina and Missouri. There is a specimen 
in the Snow collection from Kansas City, Mo., and it has been taken 
in Riley county. 

Hosts. Unknown. 
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PLATE II. 

1. Styles and co«?etive of Ceresa bubalus. 

2. (Edagus of Ceresa bubalus. 

3. Lateral aspect of Ceresa taurina . 

4. Genitalia of Ceresa taurina . 

5. Styles and connective of Ceresa bubalus. 

6. (Edagus of Ceresa bubalus. 

7. Genitalia of Ceresa bubalus. 

8. Lateral aspect of Ceresa bubalus. 
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PLATE III. 

1. Genitalia of Ceresa diceros. 

2. G^dagus of Ceresa dicer os. 

3. Styles and connective of Ceresa pal men. 

4. CEdagus of Cere, so* palmeri. 

5. Styles and connective of Stictoccphala jestina. 

6. Lateral aspect of Stictoccphala jestina. 

7. GCdagus of Ceresa borealis. 

8. Genitalia of Ceresa borealis. 
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PLATE IV. 

1. Genitalia of Stictocephala inenrns. 

2. (Edagus of Stictocephala inertms . 

3. Genitalia of Stictocephala lutea. 

4. (Edagus of Stictocephala lutea. 

5. Genitalia of Stictocephala inernus. 

6 (Edagus of Stictocephala inermis . 

7. Lateral aspect of Stictocephala inermis . 

8 Stylo and connective of Stictocephala memo* 
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PLATE V. 

1. Lateral aspect of genitalia of Thelw bimaculata. 

2. Dorsal aspect of genitalia of Thelia bimaculata. 

3. Dorsal aspect of genitalia of Micntialia calva. 

4. Lateral aspect of genitalia of Micrutalis calva. 

5. Dorsal aspect of genitalia of AnUalis tartarea. 

6. Lateral aspect of genitalia of Acutali* tartarea. 

7. Lateral aspect of Telamona pyramidata. 

8. Styles and connective of Telamona pyramidata. 
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PLATE VI. 

1. Lateral aspect of genitalia of Ophidcrma aalamandra, 

2. Dorsal aspect of genitalia of Ophidcrma nalamandra. 

3. Lateral aspect of genitalia of Puhlilia modcsta. 

4. Dorsal aspect of genitalia of Puhlilia modesta. 

5. Dorsal aspect of genitalia of Entylia concua. 

6. Lateral aspect of genitalia of EntyUa concisa. 

7. Dorsal aspect of genitalia of Vanduzca triguttatu 

8. Lateral aspect of genitalia of Vanduzea triguttata. 

9. Lateral aspect of genitalia of Camjyylenchia latipes . 

10. Ventral aspect of genitalia of Campylenchia laJipcs. 

11. Dorsal aspect of genit&lia of Enchcnopa binotata. 

12 Lateral aspect of genitalia of Enchenopa binotata 
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PLATE VII. 

L Lateial aspect «1 genitalia oi Smrfta nundns 

2 Dorsal aspect ol genitalia oi Stmhn ramdiLs 

3 Dorsal aspect of genitalia of (’ yrtolobu ,s qium. 

4 Lateral aspect of genitalia of Cyitolobu s qmm. 

5 Dorsal aspect ol genitalia of ('yrtobbu# ran 

6 Lateral aspect of genitalia of (' yrtolohus van 

7 Dorsal aspect of genitalia of Tdomnna viridm 

8 Lateral aspect of genitalia of Tdomnna vindtu 
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The Genus Acinopterus (Homoptera, Cicadellidse). 

BY PAUL B. LAWSON, 

Professor of Entomology, University of Kansas, 


INTRODUCTION, 

T HE genus Acinopterus was erected by Van Duzee in 1892 to 
accommodate the species Acinopterus acuminatus. Later, in 
1895, Baker described a single specimen as Phlepsius inomatus, a 
species which Van Duzee in his catalogue lists as Acinopterus acu¬ 
minatus var. inomatus . Finally, in 1903, Ball described three varie¬ 
ties of the typical species of the genus, the first of which, variety 
variegatus , Van Duzee made a synonym of Baker’s variety inoma¬ 
tus. Thus up to the time that the writer undertook this study, one 
species and three varieties were recognized as comprising the mem¬ 
bership of this genus. The results of the study show that we now 
have at least eight species and one variety. One or two other species 
are probably represented in the material at hand, but because of the 
scarcity of specimens it was not thought best to describe them as new 
species. 

The writer is indebted to the following workers for very kindly 
loaning him the material studied: Mr. E. L. Dickerson, Mr. George 
G. Ainslie, Mr. F. H. Lathrop, Prof. J. G. Sanders, Dr. Dwight 
M. De Long, Mr. C. E. Olson, Mr. Edmund H. Gibson, Prof. H. O. 
Osborn, and Dr. E. D. Ball. The work done is based for the most 
part on the many specimens from the collection of Doctor Ball, who 
not only loaned him all his own material, but also the types in the 
collection of the Iowa State Agricultural College, and in addition 
was a great help in making suggestions and giving information as 
to distribution and host plants. To Mr. E. H. Gibson and Mr. W. 
L. McAtee the writer owes the privilege of examining the collection 
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of the National Museum, including the type of Baker’s inornatus. 
Through the kindness of Dr. J. Chester Bradley, the material at 
Cornell University was studied, and Prof. C. P. Gillette kindly per¬ 
mitted the examination of the collection of the Colorado Agricul¬ 
tural College. 

DISTRIBUTION. 

As far as our present knowledge goes, the members of this genus 
have hitherto been taken only in the United States and Mexico, a 
single specimen at least having been collected as far south as Yuca¬ 
tan. In our country it is for the most part southern and western in 
its distribution. This, along with its occurrence in Mexico, would 
indicate its probable presence throughout Central America and per¬ 
haps in the northern portion of South America. For this last state¬ 
ment, however, there is no certain data. The genus is, therefore, 
both Nearctic and Neotropical. 

The following states have yielded specimens of this genus: New 
Jersey, Maryland, District of Columbia, North Carolina, South 
Carolina, Virginia, West Virginia, Florida, Alabama, Mississippi, 
Tennessee, Arkansas, Missouri, Kansas, Oklahoma, Colorado, Utah, 
Washington, California, Arizona, Texas and Georgia. 

HOST PLANTS. 

Very little information is available as to the specific plants on 
which the members of this genus feed. Most of the specimens 
collected were taken while sweeping grasses or weeds. DeLong 
reports Acinopterus acurmnatus as abundant on grasses in Tennes¬ 
see. Amslie took specimens irom blue grass. Doctor Ball believes 
that A viridk var. variegatus feeds on wild geranium. A single 
specimen of A. angulatus was swept from Sphceralcea angustifolia. 
A label on a specimen of A. acuminatus from Oklahoma states that 
it was taken from Amphiachyris, while another specimen from 
Rosser, Tex., was taken from Tetranevns . Evidently most of the 
members of the genus are either grass feeders or else have as their 
hosts various weeds found in grassland. Much more careful collect¬ 
ing will need to be done before we can be certain of the specific 
hosts. *. 

DESCRIPTION OF THE GENUS. 

The following is Van Duzee’s description of the genus: 

General appearance of AUygus, but with the elytra strongly narrowed 
posteriorly, and the tip acute. 

Head narrower than the pronotura, rounded, or somewhat produced before, 
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with the apex subacute, hind edge broadly concave. Vertex rather short, 
sloping, convex or more or less impressed behind the apex, surface punctured, 
the anterior submargin obscurely transversely rugose, passage to the front 
rounded. Front rather broad, at the base slightly encroaching upon the apex 
of the vertex, suddenly narrowed at tip. Clypeus much widened apically. 
Loras large. Cheeks wide. Pronotum broad and rather short, anterior edge 
broadly arcuate, posterior nearly straight; sides long, oblique, carinated; 
lateral angles prominent, latero-posterior rounded. Scutellum rather small. 
Elytra narrow, lanceolate at apex, the tip acute, appendix wanting; sutural 
edge straight to the extreme tip; costal and apical margins continuous; apical 
arcoles live, inner small, oblique, second largest, reaching the extreme tip; 
third and fourth small; fifth, or stigmatal, long and usually crossed by one or 
two transverse veinlets; first and second sectors united by but one transverse 
nervure, but there are usually three or four connecting the outer claval nervure 
with the claval suture; all the nervures strong; costa feebly convex. Super¬ 
numerary cell of the wings present. Otherwise as in Athysanus and Allygns. 

The above description needs modification to enable it to include 
the several species in which the tegmina, while visibly narrowed 
apically, do not end in an acute tip, the sutural margin in these 
cases not continuing on straight to the extreme apex, but meeting 
the costal margin to form a rather broadly rounded tip. The writer, 
therefore, proposes the following generic description: 

Head usually narrower than pronotum, rarely as wide. Vertex rounded or 
distinctly angulate, usually impressed behind the apex, sloping, broadly round¬ 
ing with the front. Front broad basally, much narrowed apically. Clypeus 
widened apically. Loras large, nearly reaching margin of the wide genae ven- 
fcrally. Pronotum wide, over twice as wide as long, anterior and posterior 
margins nearly parallel, latter usually more nearly straight; lateral and 
humeral margins distinct; disc transversely wrinkled. Scutellum finely granu¬ 
lar and with distinct transverse impressed line. Tegmina moderately long, apex 
always narrowed, sometimes to an acute tip. Venation distinct. Of the five 
apical cells M 4 is the largest, but it, along with Cui and R 2 , is frequently 
divided by cross-veins, R 2 being so regularly divided that probably both Ri 
and R 2 are present. Cell 2d M is not divided by a cross-vein. Veins 1st A and 
2d A almost always connected by one or more cross-veins. Valve of male 
always hidden under last ventral segment; plates usually long but never 
equaling pygofers. Female, last ventral segment large, always bearing a median 
notch. 
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SYSTEMATIC TREATMENT OF THE SPECIES. 

KEY TO SPECIES. 

A. Apex of tegmina strongly acute; costal margin straight clear to tip. 

B. Brownish or greyish species. 

C. Darker and larger species. 

D. Male plates long and narrow, parallel-margined, apices 
rounded; last ventral segment of female without lateral 
angles. acuminatum Van D. 

DD. Male plates broad and shorter, apices distinctly diver¬ 
gent; last ventral segment of female with distinct lateral 
angles. angulatus n. sp. 

CC. Lighter and more slender species. inornatus (Bak.). 

BB. Greenish species. productus n. sp. 

A A. Apex of tegmina rounded; costal margin not running straight clear to tip. 

B. Species brownish or greyish, not distinctly green. 

C. Species large; last ventral segment of female strongly pro¬ 
duced medially. brunneus Ball. 

CC. Species smaller; last ventral segment of female normally 
produced. 

D. Species with elytra distinctly variegated. 

viridis var. vane gat us Ball. 
DD. Species with elytra not variegated paUidus n. sp. 

BB. Greenish species. 

C. Species larger; plates of male tapering and distinctly divergent 
apically. viridis Ball. 

CC. Species smaller; plates of male parallel-margined and but 
slightly divergent apically. obtutus n. sp. 

Acinoptenis acuminatum Van D. 

(PI. VIII, tig. 1; pi. IX, fig. 1; pi. X, fig. 1; pi. XI, fig. 1; pi. XII, figs. 1, 2.) 
Anuopterus acuminatus Van D , Psyche, vi, p. 808, 1892 
Anuopterus arumtnatus G. & B., Hermp. Colo., p. 94, 1895 

Anuopterus acuminatus Van I)., Bui. Buf. Soc. Nat. Sen, vm. No. 5, p. 09, 1007; ix, p. 
225, 1909 

Anuopterus acuminatus Osb., Ohio Nat., ix, p. 400, 1909. 

Anuopterus acuminatus Smith, Cat. Ins N. J., edn. 8,'*p. 105, 1910. 

Aiwopterus acuminatus Barb., Bui. Am. Mus. Nat. Hist., xxxm, p. 534, 1914. 

Afinopterus wruinmatus Van D., TraiiB. San Diego 8cw\ Nat. Hist., ii, p. 54, 1914. 
Actnopterus acuminatus Mete , Jl. Elisha Mitchell Hci. 8oc., xxxi, p. 23, 1915, 
Acinopterus acuminatus De L., Tenn. 8t. Bd. Ent., Bui. 17, p. 89, 1916. 

Anuopterus acuminatus Van I)., Cat. Hemip. N. A., p. 075, 1917. 

Anuopterus acuminatus Lathr., 8. C. Agr. Exp. 8ta., Bui. 199, p. 102, 1919, 

Anuopterus acuminatus Laws., Kans, Univ. Sri. Bui., xu, p. 207, 1920. 

The following is the original description of this species: 

Fulvous brown tinged with dull green or yellowish, elytral nervures pale, 
brown-margined. Length, 5 -QMj mm. 

Head pale. Front with about eight brown arcs, more or less distinct. 
Pronotum feebly calloused on the anterior margin, with a few shallow im¬ 
pressions arranged parallel to the edge, more obvious in the males; lateral 
margin as long as the latero-posterior, acutely cannated; disc posteriorly ob¬ 
scurely wrinkled. Basal angles of the scutellum with a brownish triangular 
spot more or less apparent. Pectoral pieces usually more or less invaded with 
blackish, sometimes pale and immaculate. Legs pale, or suffused with 
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sanguineous. Abdomen pale, frequently black above, excepting the broad 
lateral margins; infuscated on the basal and apical segments of the venter in 
the females; slightly suffused with a pale median line in the males. Elytra 
pale fulvous, frequently whitish hyaline on the disc of the costal and some of 
the discal areoles of the corium, and on the inner margin of the clavus, the 
extreme apex clouded with smoky or even blackish; nervures pale, edged 
with brownish, the marginal with a fuscous interruption at tip; claval suture 
brown. Wings smoky, iridescent, nervures fuscous. 

Genitalia . Male: Valve wanting. Plates long and narrow, a little longer 
than the last ventral segment, about one-third wider at base than at 
their obtusely lanceolate, divergent tips. Pygofers twice the length of the 
plates, narrowed and obtusely pointed at apex, armed beyond the plates with 
numerous stout spines. Female: Last ventral segment rather long, hind edge 
with a shallow median notch, either side of which is a broadly rounded lobe, 
retreating at the outer angles. Pygofers rather broad, their subacute apex 
moderately exceeded by the oviduct. 

Described from 5 males, 3 females. Maryland, September 29 and August 4, 
on pines (Uhler); North Carolina (Osborn); New Jersey (Uhler); mountains 
of northwest Colorado (Gillette); California (Coquillett). 

In a male from California the lower surface of the femora is black. A 
female from North Carolina has the disc of the elytra white-pruinose, and all 
the specimens exhibit considerable variation in the extent of the black 
markings. 

The writer gives the following description: 

A large, rather robust, brownish species, ranging from a greyish-brown to a 
usually dark-brown color. Length, 5 to 7 nun. 

Form . Head distinctly narrower than the pronotum. Vertex usually 
distinctly produced medially, about half longer at the middle than next the 
eyes and about twice as broad as long. Front broad, lor® large, cheeks wide, 
clvpeus widened apically. Pronotum over twice as wide as long, anterior 
margin usually a little more curved than posterior, the lateral and humeral 
margins subequal, the disc transversely wrinkled. Scutellum large, the surface 
granular. Tcgmina moderately long, the costal margin running straight 
clear to the apex, forming an acute tip. 

Color . Vertex, pronotum and scutellum brownish to olive green, the 
scutellum with basal angles and three longitudinal lines, light. Tegmina usually 
shining dark brown, sometimes lighter. When dark brown the nervures are 
lighter and some of the cells, especially along the costa and on the clavus, are 
subhyaline or greenish. Light specimens have the viens, especially apically, 
bordered with brown. Face olive green, unmarked, or with faint arcs on the 
front. Below olive green, marked more or less with dark brown or black, 
especially on the thorax, cox® and tergites of the abdomen. 

External genitalia. Female: Last ventral segment twice as long as preced¬ 
ing, broad basally, lateral margins rounding to slightly notched and produced 
posterior margin; pygofers bearing a few scattered spines and slightly exceeded 
by ovipositor. Male: Valve not visible,' plates long and narrow, parallel- 
margined, obtuse apices somewhat divergent and greatly exceeded by spiny 
pygofers. 
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Internal male genitalia. Styles with margins of anterior half sihuately 
tapering, distal half stout and strongly curved; the large, club-shaped and 
coarsely granular apices strongly diverging. Connective small, heart-shaped, 
with the excision wide and the apex broadly rounding. (Edagus broad basally, 
narrowing to the middle, bearing two small basal processes and a larger apical 
one near the tip of which, on the ventral surface, is the fimbriated opening of 
the penis. 

Distribution . This species is largely southern and eastern in its 
distribution. The many specimens examined by the writer, in addi¬ 
tion to those mentioned by Van Duzee, are distributed as follows: 
Charter Oak, Pa. (J. N. Knull); Pt. Royal, Harrisburg, Rockville, 
Pa. (J. G. Sanders); Lakehurst, N. J. (J. B. Weiss); Great Falls, 
Md., Berkeley, W. Va., Ft. Royal, Va., Washington, D. C. (Heide- 
mann); Orangeburg, S. C. (F. H. Lathrop); Kansas City, Mo. (F. 
Rogers); Bisc Bay, Jacksonville, Fla., Gainesville, Fla. (C. J. 
Drake); Ardmore, Okla. (F. C. Bishopp) ; Jacksonville, Tex. (W. D. 
Pierce); Boerne, Tex. (F. C. Pratt); Victoria, Rosser, Tex. (J. D. 
Mitchell); Kushla, Ala. (A. H. Sturtevant); Alabama, Florida, 
Mexico (C. F. Baker); Knoxville, Nashville, Tenn. (W. B. Cart¬ 
wright, C. C. Hill); Nashville, Covey Spring, Chattanooga, Tenn. 
(Geo. G. Ainslie); Colliersville, Clarksville, Paris, Lexington, Tenn. 
(Dwight M. DeLong); Agricultural College, Mississippi (H. E. 
W r eed); Cherokee, Bourbon and Miami counties, Kansas (R. H. 
Beamer); Virginia, labeled tfassus tructilis , (Uhler); Spring Creek, 
Okefinokee Swamp, Bainbridge, Ga. (J. C. Bradley); Little Rock, 
Ark.; Capa, S. D. 

E. L. Dickerson reports what arc presumably this species from 
Cologne, Lakehurst and Egg Harbor, N. J. 

Remarks . The writer has examined the tkree type specimens, one 
male and two females, of Acinopterus acuminatus from the collec¬ 
tion of the Iowa State College, and the female type from the Cornell 
University collection. The two female specimens from Maryland 
and Virginia are clearly of a different species from the male and fe¬ 
male from California, as shown by a comparison of the last ventral' 
segment of the two females. It seems evident, though, that the ma¬ 
jority of the eight specimens from which Van Duzee described the 
species were from the Eas£ or Southeast, and that he evidently meant 
to describe a species with such a distribution. Accordingly these 
eastern females are retained as types of this species, while the two 
California specimens, along with a large amount of western material, 
are placed in the following species, which not only is clearly western 
in its distribution, but is decidedly different as to the genitalia of 
both males and females from the above species. 
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Acinopterus angulatus n. sp. 

(PI. VIII, fig. 8; pi. IX, fig. 3; pi. X, fig. 2; pi. XI, fig. 4; pi. XII, figs. 5, 6.) 

A smaller species than the preceding, varying from light to dark brown in 
color, but uniformly lighter than acuminatus and lacking its olive-green tinge. 
Length, 5 to 6.25 mm. 

Form. Head broad, scarcely narrower than prothorax. Vertex broad and 
short, over twice as wide as long, about one-third longer at middle than next 
the eyes, anterior margin rounded or slightly angulate, sloping, and with an 
impressed line behind the apex. Front broad and short, lorae, clypeus and 
genae characteristic of the genus. Pronotum over twice as wide as long, an¬ 
terior margin broadly convex, posterior margin shallowly concave, lateral and 
humeral margins distinct, the disc transversely wrinkled. Scutellum finely 
granulated, the transverse impressed line curved and distinct. Tegmina with 
sutural margin running straight clear to the tip, forming an acute apex. 
Venation distinct, with from' one to several cross-veins between the first and 
second anal veins. 

Color. Vertex, pronotum and scutellum brown or yellowish brown. Sou- 
tcllurri with basal angles and throe longitudinal lines, light. Elytra brown, the 
veins margined with darker brown, so that many of the cells, especially along 
the costa and apically, appear light. Face brown; front with eight pairs of 
dark-brown lines, which are longest above and shortest below, leaving the mid¬ 
dle portion unmarked. Below brown, but with parts of thorax, the coxte and 
femora of the rneso- and metathoraeic legs and the dorsum of the abdomen 
usually black or dark brown. 

External genitalia. Female: Last ventral segment twice as long as pre¬ 
ceding, the posterior margin varying from slightly concave to slightly convex, 
but always with a slight median notch and forming very distinct lateral angles 
with the long lateral margins. Pygofers moderately wide, sparsely spined, ex¬ 
ceeded slightly by the ovipositor. Male: Last ventral segment long, hiding 
the valve. Plates broad, about the length of the last ventral segment, only 
slightly narrowing to the obtuse tips which are divergent medially, but have 
distinct lateral angles. Py gofers with a few' stout spines and exceeding the 
plates by about tw^o-thirds the length of the latter. 

Internal male genitalia. Styles w f ith rather small and pointed anterior ends, 
widest at point of the distinct process to the connective, then strongly curved 
to the very wide apices, which are quite granulated and clearly concave be¬ 
tween the outer angle and the larger, more produced inner apex. The outer 
margin bears a few small spines. Connective heart-shaped, the apex quite 
broad. (Edagus of the pattern characteristic of the genus, the basal processes 
well developed and toothed, the terminal process very long, clearly showing 
the penis, which opens at the fimbriate extreme apex of the process. 

Distribution. With one exception, a specimen from Washington, 
D. C., all the material at hand came from the South and West. A 
single specimen was taken in Yucatan, many specimens coming 
from other parts of Mexico. We are evidently safe in calling it a 
southwestern species, which may possibly extend its range into the 
southeastern states. The following are the locality records of the 
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material studied: Riverside, Chino, San Diego, Ontario, Visalia, 
Tia Juana, Oroville, Caliente (Ball); Hamilton (no collector’s 
name); Los Angeles (Coquillett and A. Koebele); Whittier, Brawley 
(H. O. Osborn); all from California, along with a number of speci¬ 
mens taken by C. F. Baker; Vera Cruz (no collector’s name) along 
with two specimens taken by Gillette and a series by Baker, all from 
Mexico; Victoria (J. D. Mitchell), Orizaba (H. Osborn), College 
Station (no collector’s name), Brewster county (Mitchell and Cush¬ 
man), all from Texas. Also a single specimen taken at Progresso, 
Yucatan, by Frederick Knab, and one taken at Washington, D. C. 

Holotype, male, Ontario, Cal. Collection of E. D. Ball. 

Allotype, female, Ontario, Cal. Snow collection, University of 
Kansas. 

Paratypes, male, Visalia, Cal., and female, Chino, Cal., in col¬ 
lection of E. D. Ball; male, Riverside, Cal., and female, Chino, Cal., 
in Snow collection; male, Whittier, Cal., and female, Brawley, Cal., 
in collection of H. O. Osborn. 

Acinopterus inornatm (Bak.) 

(PI. VIII, figs. 8, 4 [type], 5; pi. TX, figs. 8, 9; pi. X, fig. 6; pi. XI, fig. 7; 
pl. XII, figs. II, 12.) 

Phlepsius inornatu* Bak., Psyche, vu, Suppl. i, p. 33, 1895. 

Armopterim aruminatns var. inornatm Van D., Cat. Hemip. N. A., p. 675, 1917. 

The following is the original description. 

Phlepsius inornatm, n. sp. Differing from all other species of the genus 
in being entirely destitute of elytral reticulations or other markings. Length 
of male, 6 mm. 

Male: Head narrower than the pronotum. Face a twelfth wider than long; 
elypeus one-half longer than broad, somewhat constricted before the base, basal 
suture strongly curved, apex slightly concave; loifec as long and two-thirds as 
broad as elypeus; margin of gense rather slightly incurved below the eye, below 
this strongly convex, thence slightly incurved to tip of elypeus. Front an 
eleventh longer than broad, somewhat loss than twice the length of the 
elypeus, broad below, the sides very slightly incurved at the antennae. Disc 
of the vertex flat, length at middle once and a half that next the eye, width 
between the eyes once and a half the length. Width of the pronotum two and 
a third times the length, the length about once and two-thirds that of the 
vertex, curvature nearly two-fifths of the length, posteriorly irregularly trans¬ 
versely wrinkled. Scutellum and elytral venation normal. Plate not visible, 
valves two and a half times "longer than broad at base, slightly narrowed at 
apex, blunt at tips, without hairs. Pygofers one-half longer than valves, 
pointed at tips, their whole outline subtriangular, provided on disc of lower 
surface with several rather long whitish spines arranged in a single longitudinal 
row. 

Color very pale yellowish, deeper on the abdomen. Pronotum with five 
very indistinct longitudinal whitish bands. Elytra translucent, pale milky 
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white, with indistinct smoky clouds on the discs of some of the apical and 
anteapical areoles. Veins white, claval suture brownish. Face and legs tinged 
with greenish, some of the white tibial spines brown tipped. Tarsal joints at 
apices dark. Dorsal abdominal segments, except lateral and apical margins, 
blackish. 

Described from a single male taken at Ban Augustine (Ckll. 2140). In form 
this insect very closely resembles P. superbus and in structure is strictly con¬ 
generic with it. It differs very widely, however (and this is a generic differ¬ 
ence according to Van Duzee’s synoptic table of the genera), in that it does not 
possess the elytral reticulations or other markings so characteristic of the 
genus. On a very superficial examination it might be taken for a Chlorotettix, 
but its general form, stronger build, and lengthened vertex are strictly Phlep- 
siid. 

The writer gives the following description: 

A rather slender and light-colored species which sometimes may be rather 
dark. Length, 5 to 6.5 mm. 

Form. Head distinctly narrower than the pronotum. Vertex varying in 
length, but usually about twice as wide as long and half longer at the middle 
than next the eye; disc sloping and with the impressed line behind the apex. 
Face as in the other members of the genus. Pronotum over twice as wide 
as long, the anterior margin more strongly curved than the posterior, the 
lateral and humeral margins about equal. Scutellum of average size, finely 
granulated, and with distinct transverse impressed line. Tegmina long and 
narrow, sutural margin extending straight clear to tip, forming an acute 
apex; venation usually distinct, though sometimes rather weak, with from one 
to several cross-veins between the first and second anal veins. 

Color. Yellowish or yellowish grey. Pronotum with five pale and some¬ 
times indistinct lines. The tegmina vary considerably, being sometimes 
almost colorless till near the tip, while in others the veins are margined lightly 
with brown, especially at the margins, but in all cases some of the apical cells 
arc more or less darkened. The darkened tips of the veins along the sutural 
and costal margins sometimes give the elytra a variegated appearance. Be¬ 
neath this species is usually light except for the darkened dorsum of the 
abdomen. 

External genitalia. Female: Last ventral segment, over twice as long as the 
preceding, posterior margin distinctly but roundingly produced medially, but 
with the small median notch characteristic of the genus. Pygofers moderately 
wide, sparsely spined, and slightly exceeded by the ovipositor. Male: Last 
ventral segment longer than the preceding, hiding the valve. Plates long and 
fingerlike, about the length of the last ventral segment, slightly narrowed to 
the somewhat diverging but rounded tips. Pygofers bearing a few stout spines 
and exceeding the plates by about two-thirds the length of the latter. 

Internal male genitalia . Styles wide basally and with strong process to con¬ 
nective; apically strongly curved and clublike, the apical portion of the club 
with distinct and large granulations, giving it a rough appearance. Connective 
heart-shaped, the excision wide and shallow, the apex rounded. GOdagus rather 
small but stout, the upper part much like an inverted boot, the heel distinctly 
cleft; the paired basal processes about half the length of the apical process, 
their lower edges serrate; the terminal process stout, the penis opening at the 
fimbriate tip. 
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Distribution. This species is evidently a southwestern form, for 
all the material at hand was taken in this region. The following 
are the locality records of the twenty-two specimens examined: 
Type specimens from San Augustine, N. M. (C. F. Baker); On¬ 
tario, Riverside, Cal. (E. D. Ball); Santa Rita mountains (F. H. 
Snow), Galiuro mountains (H. G. Hubbard), Phoenix (E. D. Ball), 
Sabino Canyon, St. Catalina mountains (E. L. Dickerson), all from 
Arizona; Brewster county, Texas (Mitchell and Cushman). 

Remarks. As far as the writer knows, this species has been known 
hitherto only from the type. In the material gathered for the study 
of the genus he found a number of similar specimens, which, while 
differing in some ways, particularly in the length of the vertex and 
the extent of the elytral markings, are yet thought to be representa¬ 
tives of this species, for a careful study of the genitalia of several 
males revealed no differences, although the vertices of the specimens 
were quite unlike. Also the specimens show a complete range in 
color from that of the very light type specimen to forms that are 
distinctly brownish. While frankly having some doubt as to the 
specific identity of all the material named thus, the writer feels it 
better to call them all the same species rather than to describe new 
species on insufficient material. 

Adnopterus productus n. sp. 

(PI. VIII, fig. 0; pi. IX. fig. 2' pi. X, fig. 3; pi. XI, fig. 3; pi. XII, figs. 13, 14.) 

A distinctly greenish species, differing from other green forms by the acute 
apex of the tegmina and the produced vertex. 

Form. Head distinctly narrower than pronotum. Vertex less than twice as 
wide as long, at least half longer at the middle than next the eye, the apex 
rounded and with an impressed line parallel with the margin. Face character¬ 
istic of the genus. Pronotum short, well over twice as wide as long, the ante¬ 
rior margin more strongly curved than the posterior, the lateral and humeral 
margins about equal, the disc transversely wrinkled. Scutellum with the usual 
granular surface and impressed line. Tegmina long and rather narrow, the 
costal margin running straight clear to the tip, forming an acute apex, and 
with the nervures distinct, the first and second anal veins usually united by 
several cross-veins. 

Color. The entire insect is green except for the darkened apices of the ely¬ 
tra and the yellowish or pinkish legs. The nervures stand out as a lighter 
green than the cells of the t&gmina. 

External genitalia. Female: Last ventral segment over twice as long as 
the preceding, the medially produced posterior margin with the usual small 
notch, the lateral margins rounding with the posterior. Pygofers rather ro¬ 
bust, sparsely spined, and slightly exceeded by the ovipositor. Male: Valve 
hidden by the long last ventral segment. Plates longer than last ventral seg¬ 
ment, fairly wide basally, tapering to the divergent and rounded but com- 



Lawson: Genus Acinopterus. 


123 


paratively narrow apex. Sparsely bristled pygofers exceeding plates by about 
two-thirds the length of the latter. 

Internal male genitalia. Styles of usual form, widest at point of process to 
connective, apically club-shaped, the granulated and blunt apices slightly but 
clearly concave. Connective heart-shaped, the excision fairly deep. (Edagus 
with body as in other species, the basal processes small, the terminal process 
of medium diameter and length. 

Distribution . The eight specimens at hand when this species was 
described all came from California and Arizona. They were all 
taken by Dr. E. D. Ball. The California specimens are from Im¬ 
perial, Beaumont and Riverside, while the two Arizona specimens 

are from Phoenix. 

Holotype, female, Imperial, Cal., in collection of Doctor Ball. 

Allotype, male, and paratype, female, both from Imperial, Cal., 
in the Snow collection, University of Kansas. 

Paratypes, male from Imperial and female from Beaumont, Cal., 
in collection of Doctor Ball. 

Acinopterus brunneus Ball. 

(PI. VIII, fig. 2; pi. IX, fig 6; pi. X, fig 7; pi. XI, fig. 6; pi XII, figs 9, 10 ) 

At wopterus arummatus vai. brunneus Ball, Can. Ent., xxxv, p. 231, 1903. 

Acinopterus acumwatus var. brunneus Van D., Cat. Hcnup. N. A , p 075, 1917. 

The following is the original description: 

A. arummatus, var. brumww>, n. var. Slightly larger than the preceding 
variety. Vertex, pronotum and scutellum pale green, washed with cinnamon 
brown. Klytra pale cinnamon brown, slightly fuscous at tip. Whole insect 
with a slight tawny iridescence, below pale green. 

Described from three specimens from Rifle, Colo., taken by the author. 

The writer adds the following description: 

A large brownish or greenish-brown species, about the largest member of 
the genus. Length, 5.5 to 675 mm. 

Form. Head about as wide as the pronotum. Vertex at least twice as wide 
as long, one-third longer at middle than next the eye, the anterior margin 
rounded, and with the characteristic depression behind the apex. Face with 
all the parts very broad, the lor© nearly reaching the margin of the gen®. 
Pronotum over twice as wide as long, the anterior margin more strongly curved 
than the posterior, lateral and humeral margins distinct and about equal, the 
disc transversely wrinkled. Scutellum as in other members of the genus. Teg- 
mina with rounded apex but more acute than in viridis, the venation often less 
distinct than in other species, and usually with several cross-veins between the 
first and second anal veins. 

Color. Vertex, pronotum and scutellum greenish-brown. Tegmina of same 
color or darker, the veins of the apical half often being margined with dark 
brown, giving the tip a darker appearance. Beneath the color is usually as 
above but sometimes the hind legs and abdomen have a reddish tinge. 
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External genitalia. Female: Last ventral segment differing from that of 
any other member of the genus in being extremely produced medially, three 
times as long as the preceding segment, with the usual small apical excision, 
and the lateral margins sometimes slightly concave. The broad and spiny 
pygofers are slightly exceeded by the ovipositor. Male: Last ventral segment 
long, hiding the valve. Plates long and slender, longer than last ventral seg¬ 
ment, their sides straight to the somewhat narrowed but rounded apices. 
Pygofers long, exceeding plates by about the length of the latter, bearing the 
usual spines. 

Internal male gcnitaUa. Styles stout, apical part nearly of same width 
throughout and bearing many granulations. Connective as broad apically as 
basally. (Edagus unlike anything in the genus and very characteristic, the 
basal processes short and not serrate, the distal process very long, the fimbriate 
opening of the penis extending back from the extreme tip for a considerable 
distance. In addition a pair of large ventral and lateral lobes is present that 
completely cover the basal processes, these lobes being serrate along their ven¬ 
tral margin. The entire dorsal part of the cedagus is also quite different from 
the corresponding part in the other species of the genus. 

Distribution . With the exception of a single specimen taken by 
Coquillett at Los Angeles, Cal., all the other fourteen specimens ex¬ 
amined by the writer are from Doctor Ball’s collection. These were 
taken from the following localities: Rifle, Colo.; Pardman, Salt 
Lake City, Utah; Ravenna, Cabazon, Riverside, and Beaumont, Cal. 

Acinopterus pallidus n. sp. 

(PI. VIII, fig. 10; pi. IX, fig. 4; pi. XI, fig. 2.) 

Closely related to the preceding species, but slightly smaller and paler. 
Length, 5.5 to 6 mm. 

Form. Head distinctly narrower than the pronofcum. Vertex a little over 
twice as wide as long, not quite one-third longer at the middle than next the 
eye, the anterior margin evenly rounded and bsoadly rounding with the front, 
the depression back of the apex small. Face very broad, the front fully as 
broad basally as long, and the gen* quite wide. Pronotum over twice as wide 
as long, anterior margin but slightly more curved than the posterior, lateral 
and humeral margins about equal, disc with transverse wrinkles. Soutcllum 
with usual granular surface and transverse impressed line. Tegmina moder¬ 
ately long, the apices more rounded than in preceding species, venation dis¬ 
tinct but not conspicuous, and with but one or two cross-veins between the 
first and second anal veins. 

Color. The entire insect, above and below, of a pale greenish-yellow color. 
Apices of some of the veins along costal margin and at apex margined with 
black, making the tips of the tegmina appear slightly darkened. The tarsi 
tend to be brownish. 

External genitalia. Female: Last ventral segment produced medially, bear¬ 
ing a shallow median notch apically from which the margins round to the 
base. Pygofers large, sparsely spined, exceeded by the ovipositor. 

Distribution. Described from four specimens taken by Doctor 
Ball at Cabazon, Cal. 
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Holotype, female, and two paratypes, females, in collection of 
Doctor Ball. 

One paratype, female, in the Snow collection, University of 
Kansas. 

Remarks. This species stands between brunneus and viridis. 
From the former it differs in its smaller size, lighter color, and 
shorter female ventral segment, while from the latter it differs in 
being lighter, and in not having the tegminal veins green. 

Acinopterus viridis Ball. 

(PI. VIII, fig. 11; pi. IX, fig. «; pi. X, fig. 4; pi. XI, fig. 5; pi. XII, figs. 7, 8.) 

Acinopterus acummatus var. viridts Ball, Can. Entxxxv, p. 231, 1903. 

Acinopterus acunuruatus var. viridis Van D., Cat. Heimp. N. A., p. 075, 1917 

Acinopterus acummatus var. viridis Laws., Kan. Umv. Sci. Bui., xii, p. 208, 1920. 

The following is the original description: 

A. acuminatm, var. viridis, n. var. Form and structure of the preceding 
nearly; slightly smaller. Bright grass green both above and below. Eyes 
and extreme tip of elytra fuscous. 

Described from a number of specimens from southern Colorado and Ari¬ 
zona. This is the common form in southern Colorado, where it was taken by 
E. P. Van Duzee and the author. 

The following description is by the writer: 

A rather robust greenish species, with or without elytral markings. Length. 
5 to 6 mm. 

Form. Head distinctly narrower than the pronotum. Vertex about twice 
as wide as long, one-half longer at the middle than next the eye, anterior 
margin broadly rounded and with a depression just behind apex. Face with 
all the sclerites broad. Pronotum over twice as wide as long, anterior margin 
more strongly curved than the posterior, lateral and humeral margins about 
equal, the' disc transversely wrinkled. Scutellum as in other members of the 
genus. Tegmma moderately long, the apex narrowed" but rounded, with 
usually one or two or sometimes several cross-veins between the first and 
second anal veins and sometimes one or two between the second and third. 

Color. Vertex, pronotum and scutellum usually green, though sometimes 
distinctly yellowish. Tegmina green with the nervures darker green, the 
latter being sometimes not margined at all or bordered with brown till all 
the apices of the veins at the sutural margin, along the distal half of the 
costal margin, and at the apex, are definitely bordered, frequently giving the 
apex a darker appearance. Below the insect is also green, the tarsi tending 
to be brownish. 

j External genitalia. Female: Last ventral segment over twice as long as 
the preceding, the lateral and posterior margins rounding to the produced apex 
which bears the usual small median notch, Pygofers stout, sparsely spined, 
exceeded by the ovipositor. Male: Last ventral segment long, hiding the 
valve. Plates long and slender, slightly longer than last ventral segment, the 
bases distinctly wider than the divergent apices. Pygofers broad, sparsely 
spined, exceeding the plates by about two-thirds the length of the latter. 

Internal male genitalia. Styles large, widest at point of process to connec- 
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tive, distal portion strongly curved and then running straight to the expanded 
tips, which have the inner angles about right-angled, but the outer angles 
strongly produced, the distal margin between the two corners being slightly con¬ 
cave. The outer margins of the distal half are roughened and the characteris¬ 
tic granulations appear over the entire apical portion. Connective heart-shaped, 
the apex broadly rounded. CEdagus very characteristic of the species, having 
two pairs of basal processes, the upper ones shorter, the lower ones reaching 
nearly to the tip of the apical process, at the extreme fimbriate tip of which 
the penis opens. Both pairs of basal processes bear teeth along the margins. 

Distribution. All of the twenty-five specimens, except one from 
Colorado, one from Morton county, Kansas, and one from Ashfork, 
Ariz. (Barber and Schwarz), were sent the writer by Doctor Ball, 
who obtained them from the following localities: Soldier, Dixie, 
Richfield, Monroe, Moab, Utah; Fort Collins, Grand Junction, 
Delta, Dutch George or Poudre Canyon, Colo.; Coolidge, Kan.; 
Wenatchee, Wash.; Phoenix, Ariz. There are specimens also in the 
collection of the Colorado Agricultural College from some of these 
localities. 

Remarks . The specimen from Moab, Utah, seems to be different 
from the other specimens of this species in that it is lighter in color, 
has a broader head, and longer and more pointed elytra. There be¬ 
ing only one specimen of its kind, however, the writer prefers to 
place it here to describing it as a new species from a single speci¬ 
men. 

Annopterm viridis var. variegatus Ball. 

(PI. Vtll, fig. 7; pi. IX, fig. 7.) 

Arwoptcrus acmmnatus var. varwyatuv Ball, Can. Ent., xxxv, j>. 231, 1003. 

Annopterus acuvunatus var. worn at u» Van. D., Cat. Hcmip. N. A., p. 675. 1917. 

The following is the original description: 

Acinoptcrus acuminatus, var. variegatus, n. var. Form and structure of the 
specif»s, but much lighter colored. Vertex, pronotum and seutellum inclined 
to be reddish, especially in the male. Elytra whitish pruinose, nervures green¬ 
ish, not margined, except towards apex and along sutural margin, three fuscous 
points along the suture, and sometimes one on the disc of each elytron. 

Described from twenty-four specimens from Colorado and Arizona. 

The following is the writer’s description: 

The members of thiB variety are like viridis except in color. 

Color. General color, brown. Vertex, pronotum and seutellum greyish or 
brownish, sometimes with a reddish tinge. Tegmina pale, but with nervures 
margined more or less throughout, especially along sutural and costal margins 
and apically, giving them a decidedly variegated appearance. 

Distribution . Eight specimens examined are from Doctor Ball’s 
collection and were taken by him at Fort Collins and Denver, Colo* 
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In the collection of the Colorado Agricultural College are other 
specimens from the same localities. 

Remarks. The specimens at hand show gradual gradations into 
the variegated form of viridis , which, in its turn, goes by insensible 
gradations into the pure green form characteristic of the species. An 
examination of the male internal genitalia of typical variegatus and 
that of a variegated viridis showed no differences, and the gradual 
loss of the tegminal markings into the plain green form would seem 
to indicate the identity of these two green forms. 

Acinoptems obtutus n. sp. 

(PI. VIII, fig. 9; pi. X, fig. 6; pi. XII, figs. 3, i.) 

A rather small green species with a relatively larger vertex than viridis. 
Length, 5.5 mm. 

Form . Head distinctly narrower than pronotum. Vertex large, about twice' 
as wide as long, one-half longer at the middle than next the eye, a slight de¬ 
pression just behind the broadly rounded apex which rounds very obtusely with 
the front. AH the solentes of the face rather broad. Pronotum over twice as 
wide as long, the anterior margin more curved than the posterior, the lateral 
and humeral margins about equal, the transverse wrinkles of the disc indis¬ 
tinct. Seutellum with the usual granulated surface and transverse impressed 
line. Tegmma with the tips broken off in all three of the specimens from 
which the species is described, but presumably rather rounded apicallv, judging 
from the material studied. Claval area with a few cross-veins between the 
first and second anal veins. 

Color. Vertex, pronotum and seutellum green, the seutellum with basal 
angles and three longitudinal lines, light. Tegmma milky green, the veins 
light or dark green, and margined more or less with brown. Below the entire 
insect is green. 

External genitalia. Male* Last ventral segment long, hiding the valve. 
Plates long and narrow, nearly parallel-margined to the somewhat divergent 
apices, which are exceeded by the bnstlv pygofers by about two-thirds the 
length of the former. 

Internal male genitalia. Styles of the usual shape, the granular apical por¬ 
tions quite expanded at the tip, which is either straight or slightly concave at 
the end. Connective nearly round, the basal excision rather deep. (Edagus 
differing from that of any member of the genus. The body is very wide 
basally, the heel cleft, then strongly narrowed to the base of the processes, of 
which the basal pair are short and slender while the distal one is quite long 
and slender, the penis opening at the extreme fimbriate tip. 

Distribution . The three male specimens from which this species 
is described are all from the collection of Mr. E. L. Dickerson and 
were taken in the Sabino canyon of the St. Catalina mountains of 
Arizona. 

Remarks . This species is decidedly smaller than the other green 
species, and the oedagusis so characteristic that on this structure 
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alone the writer is confidently basing the distinctness of the# spe¬ 
cies. Among the specimens of viridis from Colorado and Utah there 
may be one or two that are the females of this species, but not being 
as sure of their position as of these three males, they are left in the 
former group. 

Holotype in collection of Mr. E. L. Dickerson. 

Paratypes in collection of Doctor Ball and the Snow Collection. 
University of Kansas. 
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Fig. 10. A. pallidaa. 

Fig. 11. A. viridis. 
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Fig. 1 . A. acuminatus. 

Fig. 2. A. productus. 

Fig. 3. A. angulatus. 

Fig. 4. A. pallidus . 

Fig. 5. A. brunneus. 

Fig. 6. A. viridis. 

Fig. 7. A. viridis var. variegatus. 
Figs. 8 and 9. A. inornatus. 
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Fig. 1 . A . acuminatus. 
Fig. 2. A. angulatus. 
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Fig. 4. A. virtdis. 

Fig. 5. A. writfa.obtuhiS 
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«Figb. 1 and 2. A. acumimtus. 
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The Life History of the Toad Bug. 

Gdastocoria onUatwt Fabr. (Gelastocondse).* 

BY H. B. HUNGERFORD, 

Piofewsor of Entomology, University of Kansas. 

INTRODUCTION. 

I N MY PAPER on “The Biology and Ecology of the Aquatic 
Hcmiptera’T (pages 49-51) I gave the gist of what was known at 
the time concerning the habits and life history of the toad bug. Its 
habitat and feeding habits, together with a brief description of the 
ovum and fifth nymphal instar were given there. 

During the season of 1920 I had an opportunity to gather con¬ 
siderable data relative to these interesting insects. Mrs. Grace 
Wiley, a student of mine, knowing of my desire to study Gelasto- 
coris, sent me a number of living adults from her home in Chanute, 
Kan., in the autumn of 1919. One of these I kept alive until Sep¬ 
tember, 1920. On May 14, 1920, she sent me a shipment of adults, 
and again on July 6 another small lot of the bugs. The live insects 
supplied by Mrs. Wiley thus made possible the notes here reported, 
and I wish to acknowledge my gratitude to her for her kindness. 

THE TECHNIQUE USED IN THE HEARINGS. 

Tall stenders, or staining jars, of glass about the size of jelly 
glasses were used. In each of these was placed an inch of sand 
that had been sterilized by heat. The paired adults were confined 
in low stenders of various sizes, and the sand searched each day for 
eggs. The young were isolated in the -tall stenders as soon a» 
hatched, for they were cannibalistically inclined, and two young 

* Mr, Bueno recognises this as a new species, G. acciduus Ms. I confess I cannot dis* 
tinguisli it from G. ocxslatut Fabr. 

t Kansas University Science Bulletin, vol. XI, Dec. 1919; 265 pages, 33 plates. 
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would get on but a few hours together. The sand was moistened 
each day, and the jars covered with ground-glass covers. Each 
nymph was examined daily for molts, which were removed and 
placed in vials of alcohol or on cotton in small tin boxes, and each 
instar skin of each insect reared was preserved separately for study. 
This has provided adequate material for study of structural details 
of each stage. 

We endeavored to determine whether the insects had any choice 
of soil, by placing them in pans containing sand on one side and 
sandy loam on the other. Our results were not conclusive. We 
also used sterilized sandy loam in some of the rearing jars instead 
of the sand and found it of no advantage. 

The insects were fed house flies, plant lice, oscinid flies, cicadellids 
and many other small insects taken in sweeping the grass upon the 
campus. Each day the dead carcasses were cleaned out of the rear¬ 
ing jars and freshly killed insects inserted. 

Mortality was very high, as a glance at the tables presented be¬ 
low will show, and indicates that some essential factor of their 
natural habitat was lacking. The fact that 116 nymphs out of 179 
died in the first stage, and that they usually succumbed on the 
date when molting might have been expected to occur, would point 
to a hazard of ecdysis. An examination of the dates of death of 
the older nymphs further substantiates this view. 

Toward the end of a stadium the nymph always appears plump 
instead of flat, and so the appearance of the nymph indicates ap¬ 
proximately its development. Thus some would become plump in 
a week and molt; others would develop more slowly. 

In spite of the discouragements because of the very high rate of 
mortality, the tending and study of the rearings were very interest¬ 
ing. Mr. William Hoffman, who assisted me very materially dur¬ 
ing the latter part of the summer, found the task most absorbing. 
He fed the nymphs and kept the records with as much interest, 
care and ingenuity as I could have done, and I desire to acknowledge 
herewith my indebtedness to him for his services. 

HABITAT. 

The toad bug is a shore bug, found along the muddy banks of 
small streams or the sandy beaches by the river. It is a notable 
example of protective coloration. Specimens taken on muddy banks 
are dull and slaty grey with indistinct pattern, while those from 
the sandy beaches are variegated, pebbled and mottled like the 
sand. Specimens in captivity have been observed to burrow be- 
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neath the dirt in cloudy weather and remain thus many hours. This 
habit may be their method of maintaining their geographical posi¬ 
tion in time of flood. I have observed broad, sandy, barren flats 
where toad bugs lived become inundated by rapid currents of 
water for a few hours; nevertheless, when the water receded and 
the sun came again, here were the bugs as before. There were 
neither vegetation nor sizable stones for their anchorage, so I sup¬ 
pose they “dug in.” They hop about with considerable alacrity 
when alarmed (one first instar nymph jumped ten inches). They 
pounce upon their prey, which appears to consist of almost any 
sort of insect they can capture, from a grouse locust (tettix) to a 
lacebug. 

MATING. 

There is considerable sexual dimorphism with the toad bug. The 
abdomen of the male is strongly asymmetrical, as is also the case in 
the male Corixidse. Figures illustrating this are shown on plates IX 
and XXXII of Science Bulletin, vol. XI. At that time no ob¬ 
servations had been recorded on the mating. The male mounts the 
female, grasping her with the middle pair of legs, the first pair 
flexed beneath him, and the abdomen somewhat to the left side. 
This decided and invariable position to the left is due, of course, 
to the asymmetrical structure of the male genitalia. The fre¬ 
quency and duration of copulation of various pairs under obser¬ 
vation is given herewith. 
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Obs. 

Hrs. 

Obs. 

Hrs. 

Obs. 

Hrs. 


mat- 

dura- 

mat- 

dura- 

mat- 

dura- 

mat- 

dura- 

mat- 1 

dura- 

mat- 

dura- 


mg. 

tion. 

mg. 

tion. 

mg. 

tion. 

mg. 

tion. 

ing. 

tion. 

mg. 

tion. 

May 15 

X 

4+ 

X 

44 

X 

4f 

X 

4+ 

X 

44 

X 

44- 

May 17 

X 

64- 

X 

24 

X 

44 

X 


X 

04 



May 18 

X 


X2 




X 


X 

1 



May 10 

X2 

j 2+ 

X 

24 

X 

24 

X2 

4 4.2 

X 

l x '2 

X 

14- 

May 20 

X 

2 

X 

2»a4 



X2 




X 

64- 

May 21 

X 


X 

5+ 



X2 


x 

4*3 4 

X 

2 

May 22 

X 


1 



1 

X 




X 


May 24 

X2 


X 

1 

X 

1 U 

X 


X 


X2 


May 25 . 

X 




X 




X 




May 27 

X 





: 

X 


X 


X 


May 28 

X 


X 

, 

X 




X 




May 20 



X 






X 




May 31 

X | 








X 


X 

1 

June 1 

X2 j 


X 

74- 

, 




X 

1+ 

X i 

i 

June 2 

X 

3,<2 

X 

24 j 

X 

44 ; 

x i 

24; 

x 

2+ ! 

x j 

l}«4 

June 3 

X 




X 

t>h 



X 




June 4 


| 

X 






X 




June 7 

X 


X 




X 


X 




June 0 








l 1 

X ! 


X 



la the table X signifies observed mating. If followed by the figure 2 it indicates two separate matings. The 
plus sign indicates that the bugs were mating when first or last observed or Iioth. 


The above table indicates that the mating clasp may last as long 
as seven hours, that matings are frequent, often twice a day, and 
that they occur almost daily over a considerable period of time. 
Matings were observed in the laboratory from May to November. 

OVIPOSITION. 

The eggs are either completely or partly buried in the sand, ceph¬ 
alic end uppermost. The partly buried dry egg is white and very 
difficult to discover in dry sand. When it is moistened it changes to 
an amber or ferruginous, ai?d with the sand takes on a deeper colored 
and glistening appearance, which further adds to its resemblance to 
a sand grain. A photograph of the egg upon a background of sand 
is shown on plate XIII. The number of eggs deposited by a female 
during the season must be 200 or more, because 192 nymphs and eggs 
have been recorded for one female, and it is quite likely that I did 
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not count the full complement. Oviposition continues throughout 
the season, the number of eggs laid per day varying from 1 to 13, 
from 2 to 6 being perhaps the average. A study of the hatching 
dates on the life-history tables will indicate the rate of egg-laying 
very well. 

INCUBATION. 

The incubation period varied from twelve to fifteen days. The 
red eyespots of the embryo are evident a number of days before 
hatching. The egg increases in size somewhat as the embryo devel¬ 
ops, and the egg becomes darker with development. 

HATCHING. 

I was fortunate enough to observe the hatching process with the 
binoculars on several occasions, but never in as satisfactory lighting 
as I should have liked. The cephalic end of the egg shell splits longi¬ 
tudinally, squarely between the eyes, and extends back above the 
dorsum of the embryo. Through this rent a white, bulging body 
appears, resembling the bubble found above the head of Corixa. 
The front part of the head of the embryo pulsates rapidly. By slow 
straining heaves the embryo crowds out through the opening. Its 
body is ns soft and pliable as a caterpillar. By bulging the fore part 
of the body and contracting the latter part, it worms its way to free¬ 
dom—a creamy-white creature marked with two large, dark-red 
eyes, and with a body nearly cylindrical in shape and the thick 
limbs all most economically tucked away upon its venter. Then 
comes the postnatal molt, the casting of the shroud that binds the 
embryo. Standing erect upon its caudal end, its body encompassed 
and its limbs tied down by a diaphanous membrane that still holds 
it helpless to the empty casque in which it was formed, it struggles 
for freedom. First the membrane gives way above the head and 
emergence begins. As this skin slips back, the knob-like antenna), 
which were directed downward along the beak, are free and change 
their position. Then the beak appears, and after slowly bending 
back and forward, one front leg pops out free, then the other. Fi¬ 
nally all the legs are free, and the little bug settles down upon them, 
the shroud still about the tip of the abdomen. He flattens out into 
a toad bug, and after resting for a time, as if the birth struggles had 
been most exhausting, he suddenly becomes lively and starts away. 
Over the first moist pebble he passes, the molt is left, if by chance it 
did not remain fastened in the slit of the egg-shell. A period of 
thirty minutes often is consumed in the hatching. One bug that 
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hatched at 2:35 p. m. was creamy white with dark-red eyes at 3:12 
p. m., when a faint pattern began to appear. At 3:35 it was some¬ 
what darker and the pattern more distinct. Thus it takes an hour 
or so for it to attain its characteristic color. 

MOLTING. 

An examination of the life-history tables will indicate that mor¬ 
tality at molting time was very great in the rearings. This suggests 
that conditions were not favorable to normal molting. In the light 
of R. Takahashi’s observations on the Ochteridae, published in Jap¬ 
anese,* it may be that Gelastocoris nymphs, like those of Ochterus 
formosanus Mats., normally fashion for themselves small cells of 
sand above the ground in which the meltings take place. The sand 
in the rearing jars was packed, and perhaps too coarse for the 
nymphs. 

The nymph becomes very plump of body along toward the time 
to change. Several first-instar bugs were under observation during 
the process of molting. The bug rests upon the sand, all legs out¬ 
spread and apparently rigid. A longitudinal rent appears on the 
dorsum of the head and thorax, and the greenish or creamy-white 
nymph begins bulging out, the dorsal part of the thorax leading. 
Shortly the head is freed, the slit through the old skin extends back 
to the abdomen and then laterally to the margins of the body. These 
lateral fissures enable the bug to work his way out. The new form 
is so much larger than the old exuvium which encased it, that one 
wonders how it was ever tucked away in so small a space. When 
the new instar is entirely free, the old skin may snap back in place 
again and look like a perfect nymph, save that the eyes are whitish 
instead of dark red. 

The following article appeared in Japanese, by R. Takahashi. 
The observations are so interesting, and relate to a family so little 
knowm, that English-reading students will be glad to give Mr. Taka¬ 
hashi credit for it. 

These observations pertain to Ochterus formosanus (Mats.), which is not 
uncommon in Formosa. 

1. The adults live upon the sandy shores of ponds and streams, where the 
colors of their backs merge into their surroundings, rendering them difficult to 
discover. They are not able to submerge and do not run out upon the water, . 
where they are occasionally found by accident; but the nymphs are amphib¬ 
ious, being often seen submerged. 

* R. Takahaalu ■ “Observations on the Ochtencto/' Trans. Nat. Hist. Hoc. Formosa, vol. 
XI, No. 55, pp. na-125 (3923). 
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2. The adults are very active, while the nymphs are rather inactive. The 
death feigning has never been observed. 

3. The species is not gregarious, but two or three nymphs are sometimes 
found in groups. 

4. The nymphs sometimes vibrate the abdomen vertically for a few seconds 
when resting on the shore. 

5. The nymphs cover their backs completely with sandy granules. All the 
nymphal instars have this habit. Their heads are provided on the front with 
12 to 14 stout processes projecting forward and arranged in a transverse row, 
with which they scoop the sand upon the heads and push them backward by 
the front legs. 

6. The nymphs construct for themselves small cells of sand above the 
ground, using the processes on the front, in which the moltings take place. 
All the instars have this peculiar habit. 

7. The nymphs with the dorsums wettable are amphibious in habit, being 
often found submerged. When submerged, the bodies are held always just 
below the surface film, and they swim rather awkwardly, moving all the legs, 
but do not swim deeper. A store of air for respiration when submerged, is 
carried with the insect on the lower surface of Ihe abdomen, and the nymphs 
now and Ihen turn on their backs at the surface, thus exposing the lower sur¬ 
face of the abdomen into free air to take new supply of air. This is done very 
quickly. 

8. The mating habit is almost as in the insects of Microvelia , but the 
males do not remain on the backs of their mates for a long time when the 
copulation is finished. The males and females mate repeatedly. 

9. The eggs are singly placed upon the sandy granules, or upon the decayed 
leaves on the ground. 

10. The egg is similar in shape to that of Gclastocoris, species figured by 
Doctor Hungerford (1919), measuring about 0.7 mm. in length. 

11. There are five nymphal instars, as is common for other Heteroptera, 
and the nymphal stage lasts more than one month. 

12. In the adults the front and middle tarsi are two-jointed, and the hind 
three-jointed, while m the nymphs all the tarsi are always two-jointed. 

13. The adults may be seen near Taihoku at almost any time. 

NOTES ON HEARINGS. 

FIRST PAIR. 

Rearing Number 4. 

This pair consisted of the female that I had kept in the laboratory 
all winter and a male selected from the spring shipment. They 
were confined in a six-inch stender in which had been placed a layer 
of sand with a place scooped out on one side for water. The water, 
however was taken up by the sand and the entire mass became 
water-soaked. To make a dry footing for the bugs, a bit of cork 
was set upright in the soil, but this too became wet. Green algce 
covered the sand, the cork, the sides of the jar, and even the bugs 
were green with it. The surface of the sand was found on July 1 
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to be teeming with nematodes that were intent upon consuming 
the fly carcasses supplied as food for the bugs. No careful examina¬ 
tion was made of this jar until July 1, when four white eggs were 
found on top of the cork, placed there in an endeavor, apparently, 
to keep them out of the wet, soggy sand. I then supplied dry sand 
to reduce the moisture, and on July 6 found eggs in the sand; 
observed mating on that date also. July 12 two nymphs hatched. 
July 20, there were several active first-instar nymphs. July 24, 
removed 18 dead first-instar forms and observed nine live ones. 
There were several eggs yet to hatch and some fresh eggs. July 27, 
removed two second-instar forms and took out 18 dead first-instar 
bugs. Seven live ones were observed at this time. July 30, observed 
a couple hatch and counted 10 active first-instar nymphs; also re¬ 
moved 7 dead ones. On August 1 there were nine live first-stage 
forms; removed 2 dead ones. August 2, counted 11 live first-stage 
bugs and removed 6 dead ones. On the 3d removed 2 dead ones. On 
the 4th there were 3 newly hatched bugs, and I removed 5 dead 
ones. On August 5 one first-instar bug was observed feeding upon 
another. August 7 there were at least 18 nymphs, three of them 
white, denoting recent hatching. August 8, 7 dead firsts were re¬ 
moved, but a dozen were still lively. August 9 another freshly 
emerged nymph was noted, and on the 10th 2 more. August 13, 
removed a second-instar form, and on August 15 another newly 
hatched was noted. August 16, a dark nymph was caught in the 
act of killing a white newly emerged brother. He was upon the 
back of his victim with beak inserted just back of the unfortunate’s 
head. The latter was struggling, but to no avail. On August 18 
one second-instar form was isolated and $4 dead first-stage bugs 
removed. Mr. Hoffman found three nymphs feeding upon their 
fellows, and all three victims were alive and kicking. There were 
about a dozen live bugs of this stage. August 21 brought forth 
3 second-stage bugs, which were taken out. August 22, 11 dead 
firsts were moved, and on the 23d 3 dead firsts and 1 live second 
removed. August 24, 2 dead firsts were taken out. August 29, 5 
dead first were removed, and on August 31 the female was found 
dead. Twenty-three dead nymphs were counted out and 8 eggs 
transferred to another stender. No live nymphs were present, and 
the jar was set aside till September 20, when a careful count was 
made of remains—10 eggs and 16 nymphs completed the record for 
this pair. The above notes have been given to show the result of 
trying to rear the bugs together. 
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This pair of bugs was observed mating May 15,17,18,19, 20, 21, 
22, 24, 27, June 2, 7, 22, and July 6. No count of eggs laid was 
attempted, but 22 eggs, 160 first-instar and 10 second-instar nymphs 
were taken, a total progeny of 192, with egg-lay noted from July 1 
to last of August—this the performance of a female that spent the 
preceding winter in the laboratory. 


REARING RECORD OF NO. 4. 


No. ; 

Date 

1 st 

2 d 

3d 

4th 

5th 

Sex. 

Days in Htagea. j 

: 

! Adult 

hatched 

molt. 

moll 

molt 

! 

molt. 

molt. 

M. 

2 d 

3d 

4th. 

i 5th. 

Tot, 

died. 

4a 

July 12 

July 21 

* 

Auk 2 

Auk 1ft 

Auk 30 

Sept 19 

cT 

9 

12 I 

13 

15 

20 

1 69 

i , 

Oct. 6 

4b 

July 12 

July 20 

Died 
July 24 





8 

4° 






4t» 

July Iff! 

July 24 

Auk 13 

Died 
Auk 10 




8 j 

20 

3° 

' 

! 



4d 

July It)j 

July 2ft 

Aug. ft 

Auk 10 

Auk 31 

Sept 23 

& 

9 

11 

11 

16 ‘ 

24 

70 

Nov 17 

4e 

Aug 1 

Aur 13 

" ‘ 

Died 
4 uk 31 





12 

18° 




1 


4f 

Aug. 8 

Aug. 18 

Died 
\uk 31 

1 ... 




10 

13° 

" ‘ 

i 

i 




4r 


Auk. 20 

Sept 10 

1 Died 
Sept. 14 



i 

i 


21 

! 

4’j 





4h 


Auk 21 

Sept 11 

Sept 20 

Oct 5 

Diet! 
Oct. 20 

| 


21 

! | 
I 9 | 

16 

; «•! 

71? 


4i 


Auk 21 

Sept tl 

Sept 17 

Sept 27 

Oct. 26 

d" 

i 

! 16 

1 

n > 

10 

;; 

76? 

Oct 28 

_ 4j 


Aug. 23 

Died 
Sept. 24 

1 


1 


! i° 

I i 
i 

s ; 




(l indicates '’died" m tins and following titbits. 

SECOND PAIR—OFFSPRING IN FOUR SERIES. 

Rearing Number 1, Series m. 

On July 6, Mrs. Wiley brought me 7 bugs from Ghanute, which 
she had captured July 3. One pair, observed mating, I placed in a 
small stender on sand with a sprig of moss. July 8, quite a number 
of eggs were in the sand, so the adults were removed to another 
stender. On July 15, the eggs showed pink eyespots of the embryo 
within; and on July 19, 8 hatched and were isolated for rearing. 
July 21, 5 more hatched; and July 24, 3 more. Thus at least 16 
eggs were laid by this female in two days, and the incubation period 
was 12 or 13 days. The rearing table marked lm series is a record 
of fifteen of these nymphs. 
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Rearing Number 1, Series n. 

The pair was transferred from lm to this stender, containing 
sand, on July 8; observed mating on the 11th and removed on the 
12th. Could find no eggs, and though this stender was studied till 
July 29, no nymphs appeared. 

Rearing Number 1, Series o. 

Transferred the pair from number In to this stender, containing 
sand, July 12. On July 24, 4 nymphs hatched, and so T removed the 
adults to another stender and transferred the nymphs to jars as they 
hatched. The rearing table marked 1 o series indicates the dates of 
hatching. But to this list of 49 must be added the following: July 
27, 6 first instars in large stender. labeled lOh. August 6, 4 dead 
instars; and August 8, 2 more. A total, therefore, of 61 hatched 
from eggs deposited between July 12 and 24, an average of 5 per 
day, with a record of 13 for August 6. Incubation period, 12 days. 

Pair Number lp. 

This pair of adults was transferred from lo on July 24. They 
were observed mating on this date and again on August 8, when 2 
first-instar forms hatched. Removed the male on August 10 and 
returned on the 18th. This female was caught twice feeding upon 
her own offspring. Besides the 65 nymphs hatched from August 8 
to September 27 and used In rearings, 28 dead ones were taken out 
of this stender in which the pair was confined—a total of 93 off¬ 
spring between July 24 and September 27. The observed matings 
were on July 24, August 8, August 21 and September 20. One adult 
died October 4 and the other October 23. v The rearing data are pre¬ 
sented on that portion of the table marked IP series. 

Summing up for this pair of bugs taken from the wild on July 3 
and entered for observation on July 6, we get a total progeny of 170 
hatched, and of this number we were able to rear to the adult stage 
4 insects. 
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SECOND PAIR, REARING TABLE. 

Series 1m. 


No. 

Date 

1st 

2d 

3d 

4th 

5th 

Sex. 

Days in stages. 

Adult 

; hatched. 

molt. 

molt. 

molt. 

molt. 

molt. 

1st, 

2d. 

3d. 

4th. 

5th. 

Tot. 

died. 

lina 

July 10 

Died 
Aug. 14 






26° 







lmb 

July 10 

Died 
Aug. 7 






19° 







lmc 

July 10 

Aug. 11 

Oct. 7 

Died 
Oct. 25 




23 

27 

10° 





lmd 

July 10 

Aug. 6 

Died 
Aug 12 





18 

6’ 






lme 

July 10 

Died 
Aug. 5 




. 


17° 







lmf 

July 19 

Died 
Aug. 9j 






21° 







lint? 

July 19 

Died 
July 28 






9° 



• 




lmh 

July 21 

Aug. 1 

Aug. 11 

Died 
Aug. 16 




11 

10 

5° 





lmi 

July 21 

July 28 

Aug. 11 

Died 
Aug. 16 




7 

14 

5° 



_ 


lmj 

July 21 

Aug. 7 

Died 
Aug 11 





17 

4° 






link 

July 21 

Died 
Sept. 12 






53° 







1ml 

July 21 

Died 
July 30 






9° 







1mm 

July 21 

July 25 

Aug. 6 

Aug. 15 

Aug. 30 

Sept. 19 

d” 

4 

12 

9 

15 

20 

60 

Nov. 4 

lmn 

July 24 

Aug. 0 

Died 
Aug. 10 





16 

~r 






lino 

July 24 

Died 
[July 30 



Li: 



6° 
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Series lo. 


No. 

Date 

1 st 

2 d 

3d 

4th 

5th 

Sex. 


Days in stages. 

„ Adult 

hatched 

. molt. 

molt. 

molt. 

molt. 

molt. 

1 st. 

2 d. 

3d. 

4th. 

. 5th. 

, Tot 

died. 

loa 

July 24 

1 Aug. 11 

Died 
Aug. 14 





18 

2 ‘ 






lob 

July 24 

l Aug. 1C 

Died 

l Aug. 13 

! . 




17 

3* 






loc 

July 24 

Died 

\ July 3(1 






6 ° 







lod 

July 24 

Died 
July 31 






7 ° 







loc 

July 25 

Died 
Aug 10 






16° 







lof 

July 25 

Aug. 12 

Sept 2 

Sept, 17 

Died 
Oct. 1 



18 

21 

15 

13° 




log 

July 25 

Aug. 10 

Died 
Aug. 14 





16 

4° 






loi 

July 29 

Died 
Aug 8 






10 ° 







loj 

July 29 

Died 
Aug. 5 






7° 







lok 

July 29 

Aug. 13 

Aug. 31 

Sept. 13 

Sept. 25 

Oct 21 

9 

15 

18 

13 

12 

26 

84 

Dec. 20 

lol 

July 29 

escaped 













lom 

July 29 

Died 1 
Aug, 11 






13° 







Ion 

July 29 

Died 
Aug 5 


* 




7° 







loo 

July 29 

| Died 
Aug. 10 






12 ® 







lop 

July 30 

Died 
Aug. 7 






8 ° 






. 

loq 

July 30 

Aug. 13 

Sept. 15 

Died 
Sept. 24 




14 

33 

9° 





lor 

July 30 

~Died~ 
Aug. 1 






2 ° 







Ins 

July 30 

Aug. 11 

Aug. 28 

Sept 12 

Sept. 24 

Died 
Oct. 22 


12 

17 

15 

12 

29 

85 


lot 

July 30 

Died 
Aug. 28 






29° 







lou 

July 30 

Died 
Aug. 8 






9° 







lov 

July 30 

Died 
Aug. 8 






9° 







lox 

July 30 

Died 
Aug. 9 


* 




10 ° 







loy 

July 30 

Died 
Aug. 8 






9° 



















Iona 

Auk. 1 

Died 
Aue. 9 , 






8 ° 
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Series to. — Concluded. 


No. 


let 

i 

2 d 

3d 

4th 

5th 


Days in stages. 

Adult 

hatched. 

molt. 

molt. 

molt. 

molt. 

molt. 

ISex. 

1 st. 

2 d. 

3d. 

4 th. 

5th. 

Tot. 

died. 

lobb 

Aug. 1 

Aug. 18 

Died 
Sept. 17 





17 

30° 






loco 

Aug. 1 

Died 
Aug. 8 






7° 







lodd 

Aug. 2 

Died 
Aug. 10 






8 ° 







loco 

Aug. 2 

Died 
Aug. 9 






7° 







loff 

Aug. 2 

D ed 
Aug. 9 

.. 





7° 







logg 

Aug. 2 

Died 
Aug. 9 






7° 







lohh 

Aug. 2 

Died 
Aug. 9 






7° 







lou 

Aug. 2 

Died 
Aug. 9 






7° 


i 

_L 




lojj 

Aug. 2 

Died 
Aug. 9 






7° 







lokk 

Aug. 4 

Died 
Aug. 10 






6° 





' 


loll 

Aug. 4 

Died 
Aug. 14 






10 * 







lomm 

| Aug. 4 

Died 
Aug. 9 


j_ 



; 

5° 







lonn * 

! 

Aug 4 

Died 
Aug. 9 


1 




5 C 







looo 

Aug. 5 

Died 
Aug. 10 


1 




5° 







lopp 

Aug. 5 

™Died 
Aug 15 






10 ° 




i 

• i 


loqq 

Aug. 5 

Sept. 12 

Sept. 20 

Oct. 21 

Died 
Nov. 17 



38 

14* 

25 

27° 




lorr 

Aug. 6 

Died 
Aug. 11 






5° 







loss 

Aug, 6 

Died 
Aug. 1C 






4° 







lott 

Aug. 6 

Died 
Aug. IS 






7 e 







louu 

Aug. 6 

Died 
Aug. { 






3‘ 







low 

Aug. 6 

Died 
Aug. IS 






6 C 







loww 

Aug. 6 

Died 
Aug. li 






8 * 







lou 

Aug. 6 

Died 
Aug. 1< 






4* 

> 






loaaa 

Aug. $ 

Died 
Aug. 11 






7 ( 







lobbb 

Aug. 6 

Died 
Aug. i; 

l . . 





5’ 
















158 


The University Science Bulletin, 

Series Ip. 





















Hungerford: The Toad Bug 


159 


Series lp — Continued. 


No. 

Date 

1 st 

2 d 

3d 

4 th 

% 

; 


Days in stages. 

Adult 

hatched 

molt. 

molt. 

molt 

molt 

molt. 

Sex 

1 st. 

2 d 

3d 

4th. 

5th 

Tot. 

died. 

lpz 

Aug 22 

Died 
Aug. 11 






20 ° 







lpaa 

Aug. 23 

Died 
Aug 4 






12 ° 







1 pbb 

Aug. 25 

Died 
Aug. 16 






22 ° 







Iptic 

Aug 26 

Died 
Aug. 29 






3" 







lpdd 

Aug. 27 

Died 
Sept. 4 






8 ° 







Ipee 

Aug 28 

Sept. 13 

Died 
Sept 24 





16 

11 ° 


"1 

_ 




lpflf 

Aug 29 

Sept. 15 

Sept 25 

Oft 14 

Nov 17 

Died 
Nov 26 


17 

10 

20 

34 

9 f> 



Iphh 

Aug 30 

Died 
Sept 9 






»• 







Ipn 

Sept 3 

Died 
Sept 17 






14* 



' 




lpjj 

Sept 4 

Died 
S"pt 21 





l 

1 20° 







Ipkk 

Sept 4 

Died 
Sept 15 


i 

_ 

. - 


11 ° 




- 

' 

i 


Jpll 

j 

! Sept 7 

Dud 
Sept. 9 


1 

1 

l j 

! 



2 ° 





_ 

i 

! 

Ipmm i 

_, 

i | 

! Sept. 7 

D'cd 
Sept 15 


! 1 

■ | 

I 

_ 

i 

l 

„ _ 





! 

Ipnu 1 

Sept t) 

Sept 21 

Oct 15 

No\. 4 

Died 
Dee 4 

‘ "j 


12 

24 

20 

30 °l 

i 

! 

i 

IpOO 

Sept 9 

Died 
Sept. 18 






9° 




! 


lppp 

Sept it 

Died 
Sept. 17 






•* 

i 



! 

i 

lPO<l 

Sept. 9 

Died 
Sept 19 






10 ° 






| 

Iprr 

Sept. 10 

Died 
Sept. 21 






11 ° 







Ipas 

Sept 12 

Died 
Sept. 22 






10 ° 







lptt 

Sept. 12 

Died 
Sept. 26 






14° 







lpuu 

Sept. 12 

Died 
Sept. 21 






9° 







lpvv 

Sept. 12 

Died 
Sept. 28 






16° 







Ipww 

Sept. 12 

Oct. 8 

Died 
Oct. 12 





26 

4° 






lpxx 

Sept. 12 

Sept. 23 

Oct 11 

Died 
Nov 13 




11 

18 

33° 
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Series Ip — Concluded. 


No. 

Date 

1 st 

2 d 

3d 

4th 

6 th : 

Sex. 

Days in stages. 

Adult 

hatched. 

molt. 

molt 

molt. 

molt. 

molt. 

1 st 

2 d. 

3d. 

4th. 

5th. 

Tot. 

died. 

ipyy 

Sept. 13 

Died 
Sept. 23 






10 ° 

1 

i 






Ipzz 

Sept 13 

Died 
Sept. 21 






8 ° 







Ipaaa 

Sept 13 

Sept. 29 

Died 
Nov. 2 





16 

3° 






lpbbb 

Sept. 13 

Died 
Sept. 28 






15° 

i 






lpccc 

Sept. 15 

Oct 5 

Nov 2 

Died 
Dec. 30 

: 

: 


i 

20 

28 

59° 





lpddd 

Sept 15 

Died 
Sept 25 



; 



10 ° 







Ipcee 

Sept 15 

Sept. 27 

Died 
Oct. Iff 





12 

18° 






lpfff 

Sept. 17 

Died 
Sept. 30 




| 

! 


13° 







lpggg 

Sept. 17 

Died 
Sept. 25 






! 

8 ° 







lphhh 

Sept 17 

Died 
Sept 19 






2 ° 







lpiii 

Sept 22 

Died ; 
Oct. 2 






10 ° 




1 



; 

Jpjjj 

S n pf. 22 

Died 
Sept 28 

- 





6 ° 



i 




lpkkk 

i 

Sept. 23 

Died 

? 


* 




? 







lptll 

Sept 23 

Died 
Oct. 13 






20 ° 





: 


Ipmmm 

Sept 23 

Oct. 18 

Died 
Oct. 30 





25 

12 ° 






Ipunn 

Sept. 25 

DM 
Sept 29 




1 


4“ 







Ipooo 

Sept. 27 

Died 
Oct. 1 














It was not planned when I began the studies to carry the rearing? 
to such an extent and therefore the simple system of designating 
became cumbersome. 
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THIRD PAIR. 

On May 14 I placed a pair in a small stender on the sand. Eggs 
showed eyespots June 2. June 10, 4 nymphs appeared, and on this 
date adult female died. The roarings from this pair are given in the 
following table: 


No. 

Date 

iHt 

2 d 

3d 

4th 

5th 


Days l n stages. 

Adult 

hatched. 

molt. 

molt. 

molt. 

molt 

moll. 

mPX 

1 

1 st. 

2 d. 

3d 

4th. 

5th 

Tot 

died. 

1b 

June 10 

June 28 

Died 
July 17 





18 

19° 






1c 

June 10 

June 19 

July 1 

Escai>ed 
July 6 




9 

12 






Id 

June 13 

Died 
June 28 






15° 







le 

June 13 

Died 
June 21 






8 ° 



! 




If 

June 14 

June 24 

July 3 

July 11 

July 19 

Aug. 2 

9 

10 

9 

8 

8 

12 

47 

Jan. 11, 
1921 

lh 

June 17 

June 28 

Died 
June 28 



! 


11 ° 




j 



li 

June 17 

July 1 

Died 
July 0 




: 

14 

5° 






lj 

i 

June 21 

Died 
July 2 



i 



11 ° 







lk 

June ?1 

June 28 

July 0 

July 15 

July 22 

Tu 

z 

7 

8 

9 

7 

16 

47 

Nov. 2 

11 

June 22 

July 6 

July 15 

July J23 

Aug 0 

Aug. 31 

1 

_ 9 J 

13 

10 | 

8 

14 

25 

70 

Oct. 10 
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FOURTH PAIR. 

In a large stender containing sandy loam, and labeled No. 7, was 
placed a mating pair of bugs, June 28. Eggs were discovered in the 
soil on July 8. July 13 nymphs hatched and the adults were re¬ 
moved. July 20, 7 more nymphs were out. These 12 nymphs were 
isolated in stenders and a tabular report of these follows. The in¬ 
cubation period was somewhere between 7 and 15 days. 











Days in stages. 



No. 

Date 

1st 

2d 

3d 

4 th 

5th 

Sex 







Adult 

hatched. 

molt 

molt. 

molt 

molt 

molt. 







died. 



... ... 






1st. 

2d. 

3d 

4th. 

5th. 

Tot. 


7a 

July 13 

Escaped 
















Died 












7b 

July 13 

July 20 

July 23 





7 

3° 










Died 











7c 

July 14 

July 21 

Aug. 0 

Aug 14 




7 

16 

8° 







Died 













7e 

July 14 

July 23 






9° 









Died 




i ; 









7f 

July 20 

July 30 


j 


i 


10° 



!_ 




’ H 

July 20 

July 28 

V " i 

Aug (» 

Aug 10 

, Sept 1 

Sept 21 

9 

! 8 

9 

10 

10 

20 

03 

Oct 28 

7h 

July 20 

Aug. 10 

Aug 30 

Sept 12 

H«pt 22 

Oct 17 

d* 

1 27 

; 14 

13 

10 

25 

89 

! Nov 14 

7i 

July 20 

Aug 4 

Aug 14 

Aug 20' 

' Sept 11 

Sept 29 

T| 

15 

10 

12 

10 

1_ 

i i8 

71 

Nov 21 




Died | 


i 


n 






i 


7j 

July 20 

Aug. 9 

Aug 12 




. j 

20 

3° 


1 





‘1 

Died 





i 








7k 

July 20 July 28 





j 

8° 



! 

I 

i 

1 






1 

Died i 


i 




1 


‘ 'i 


71 

July 31 1 

Aug. 6 

Aug. 1ft | 

Sept 14' 

Se.pt 27 1 



ft 

n 

29 

13°l 


i 
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FIFTH SERIES. 

A sprig of moss and earth containing eggs were placed in a stender 
July 12. These eggs were deposited by bugs sent me July 6, amongst 
the material in which they were packed. They began hatching July 
20 and finished July 24. The record of the eight nymphs isolated is 
shown in tabular form below. 
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SIXTH PAIR. 

Placed 2 female bugs in large stender marked No. 12, on July 20. 
These bugs were from those Mrs. Wiley collected July 3. On 
August 2, 2 nymphs appeared—an incubation period of 13 days. 
The nymphs continued to appear, and their record is shown in 
table 12 below, September 5 only 1 adult was to be found, and 
yet it was impossible for the bugs to escape from the jar. Septem¬ 
ber 6 both were gone from view, but later they were again above 
the sand. In cloudy, threatening weather, the toad bugs bury 
themselves beneath the surface and appear again in sunny weather. 

Table It. 


Died 

12a Aug 2 Aug. 8 

Died 

12b Aug. 2 Aug. 9 

Died 

12c Aug. 8 Aug. 14 

Died 

12d Aug 9 Atig 14 

Died 

12e Aug 10 Aug 12 


Died ' 

I2f Aug. 10 Aug. 26 Sept. 17 
Died 

12g Aug. 11 Aug. 19 
Died 

12h Aug. 15 Aug. 21 
Died 

12i Aug. 15 Aug. 22 

Died ~ 

I2j_Aug^ 16 Aug. 28 _ 

SEVENTH PAIR. 

In stender marked 2a, placed a mating pair on May 25. On June 
3, found an egg imbedded in the sand for about one-half of its 
length. On June 13, found 11 eggs, 5 or 6 of which showed pink eye- 
spots, so removed the adults to another stender. The eggs began 
hatching Juno 17 and continued until June 28. The minimum in¬ 
cubation period for some of the eggs was 15 days. 



K Date 1st 2d 3d 4th 5*h 

wo * hatched, molt. molt. molt. molt. molt 
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EIGHTH PAIR. 

Pair from Chanute placed in stender labeled la, June 2. The fe¬ 
male died June 10. Eggs hatched June 24 and June 28. Incuba¬ 
tion period at least 14 days, likely longer. 

NINTH PAIR. 

Female emerged from one of the rearings (11) on August 31, from 
a nymph that hatched June 22. Added a male, but no mating ob¬ 
served, and female died October 10. 

TENTH PAIR. 

Female emerged from one of the rearings (Ik) on August 10, from 
nymph that hatched June 21. Placed a male with her and matings 
were observed on August 13, 15 and 18. No eggs were found after 
most thorough search. Female died November 4. 

DESCRIPTION OF STAGES. 

(Bet* pltttub XIII and XI V.) 

THE EGG. 

Size Length, 1.25 mm.; diameter, .91 mm. 

Shape. Broadly oval. The surface is roughly granular and marked into 
regular hexagonal areas by thickened ridges of the chorion 

FIRST-1 NSTAR NYMPH. 

Size. Length, 2 mm.; width of thorax, 1.4 mm.; width of head, 1.2 mm. 

Color. Eyes dark; body mottled to checkered obscurely, general color 
sometimes light, sometime's dark. Legs and abdomen are usually marked a*) 
described for later instars. 

Structural peculiarities. Eyes larger relatively than in succeeding ms tars. 
They are not placed upon as high elevations and the inner emargmations are 
not marked. The beak is four-segmented; the antennae three-segmented; and 
the tarsi appear onc-segmcnted, terminating in two claws. The middle and 
hind tarsi, however, have a short basal segment, making tw’o. Lateral margin 
of mesothorax less in length than that of metathorax. 

SECOND-INSTAR NYMPH. 

Size. Length, 2.5 mm.; width of thorax, 1.9 mm.; width of head, 1.5 mm. 

Color . Eyes still dark, not distinctly banded. Pattern obscured, that of 
limbs and abdomen as in later instars. 

Structural peculiarities. The inner emargmation of the eyes a little more 
marked than in the preceding instar. Lateral margin of mesothorax equal in 
length to that of metathorax. 
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THIRD-INSTAR NYMPH. 

Size. Length, 3.5 mm.; width of thorax, 2.7 mm.; 'width of head, 2,0 mm. 

Color . The eyes faintly banded with three bars of color, one of them on 
the inner margins. The general pattern variable; but when defined, like 
other instant. 

Structural peculiarities. The inner emargmution of the eye now regular 
and marked. Ocelli faintly visible in some, while in others unmistakably 
present. Lateral margin of Mesothorax now a little longer than that of 
metathorax. 

FOURTH INSTAR NYMPH. 

Size. Length, 4.5 mm ; width of thorax, 3.6 nun., width of head, 2,4 mm. 

Color . The general pattern as in fifth. The eyes banded by four faint bars, 
one of which is on inner margin. 

Structural peculiarities . The lateral margin of mesothorax now is about 
twice as long as that of the metathoracic margin, due. of course, to the 
lengthening of the wing pads. The body is covered with closely set short, 
stout, appressed spines, which show more plainly than in the preceding instar. 
The ocelli show plainly now. They are located just above the lateral arms 
of what I take to be the epicranial suture. The nymphal exuviurn always 
shows a Y-shaped rent on the head, and it is on the upper margin of the 
lateral arms of tins fissure' that the ocelli are located 

FIFTH INSTAR NYMPH. 

Size. Length, 6.2 mm.; width of thorax, 5 0 nun.; width of head, 3.0 nun 

Color. Color variable from very light to very dark, and the pattern varying 
from obscure to distinct. The eyes have five dark bars. There art* two pairs 
of black dots on the face, r one above the other, and late rad and below the 
ocelli, A median black dot, on vertex. The pronotum has front two-thirds 
of lateral margins of prothorax darker There is a pair of black spots caudo- 
laterallv of each pronotal elevation, of which there are two. The mesonotum 
has two rectangular black spots on front margin either side of median line. 
There is a transverse row of four black dots across caudal third of mesonotum; 
wing pad has a dark rectangular spot on .boulder; the middle of the pad 
crossed by another dark area; tip and inner margin of pad dark. Two faint 
dark irregular spots m the outer third of wing pad gives a mottled effect to 
the whole. A white spot is found on second abdominal segment either side' 
of median line. A row of dark marginal spots, roughly triangular, cover the 
front two-thirds of the margin of each abdominal segment. There are also 
two rows of dark submarginal spots, faint and ill defined. The legs are handed 
with dark bands. The hind tibia* have three dark bands besides being dark 
at the ends. 

Structural peculiarities. The wing pads of the mesothorax now extend 
almost to caudal margin* of thorax, nearly obscuring lateral margin of meta¬ 
thorax. 
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SUMMARY. 

The toad bug places its eggs in the sand. The eggs hatch in about 
12 days. There are five nymphal instars. Forty-nine first-instar 
bugs transformed in an average of 15 days (the shortest time 4 
days and the longest 44 days). Thirty-three second-instar bugs 
transformed in an average of 16 days (shortest time 8 days and long¬ 
est 33 days). Twenty-two third-instar bugs averaged 15 days (the 
shortest time 8 days and the longest period, not counted in the 
average because it failed to molt, was 59 days). Eighteen fourth- 
instar forms averaged 15% days (minimum 7 days and maximum 
34 days). Thirteen fifth-instar forms averaged 22 days (minimum 
12 and maximum 29 days). The average number of days for the 
thirteen adults to develop from the hatching to emergence was 70Vi> 
days. The shortest period was 47 days and the longest 89 days. 
By adding the 12 days incubation of the egg, we get a total de¬ 
velopment period of from 60 to 100 days. The adult female may 
deposit a dozen eggs a day, but would average perhaps only 2 to 6 
over the period of two or more months. One hundred and ninety- 
two eggs and nymphs were counted from one female from July 6 
to September 27. The nymphs possess ocelli, plainly distinguished 
as early as the third instar. All the stages are predaceous and much 
like their parents in other habits as well. 
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PLATE XIII 

Gelmtocon$ otulatox Fabr 

Fig 1 Adult bug (not oculatu % but an undescribed spenes in western 
Kansas) upon sand, showing how its motthd pattern makes it difficult to 
discern 

Fia 2 Ventral view of abo\o species ot bug Enlarged photognph show¬ 
ing the bug clasping thiee lace bugs 

Fig 3 First-mstar nvmph Gdwstmans orulatus Fabi Enlarged dorsal 
view, same species shown m figiaes 1 and 2 

Fig 4 Anothei toad bug Enlarged \enlral view, showing bug with prey 
Fig 5 First-mstai nymph, GeUttitiHom ambitus Fabr, ventral view 
Fig 8 # Microphotograph of < gg and first-instar nymph Nymph m centei 
of picture and the white oval egg to the right of it The egg lesembles the 
sand grains very closely 



PLATE XIII. 



( 1 (> 9 ) 





PLATE XIV. 

(rclastocoris orulntu. s Fabr. 
Fkj. 1. Egg. 

Fm. 2 First-liistiir nymph 
Fkj. 3. Socond-mstar nymph 
Fkj. 4 Third-in&>tar nymph 
Fk.. Fourth-instar nymph 
Fk. 0. Fifth-mstar nymph. 
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A New Subterranean Isopod from Kansas. 

( Urn do ten t ride rotata (Crust acca). 

B\ II. B. Hl’NGERFORl), 

Piofossor of Entomology, Unmursity of Kansas 

I N MARCH of 1919, Mr. William Hoffmann, field assistant in our 
department of entomology at the University of Kansas, brought 
to me for determination some specimens of an isopod which he 
had taken from a cistern in Lawrence, Kan. 

They prove to belong to a new species of the genus Coecidotea. 
For them 1 propose the name Cweidotea tridentata, because the 
propodus of the first pair of legs of the male is armed with three 
conspicuous processes, a character which separates them from the 
previously described species. 

The crustacean genus Caecidotea Pack., as the name implies, is 
characterized by the absence of eyes, by the fact that the terminal 
s gment of the body is much longer than broad, and by the elongate, 
narrow body. An analytical key to the genus was given by Harriet 
Richardson in her monograph of the isopods of North America, in 
1905. There were known at that time four species, namely, (\ stygia 
Pack., nickajackerms Pack., G. richardsona? Hay and C. smithsii 
Ulrich. Doctor Ortmann, 1918, in chapter XXV of “Fresh-water 
Biologyhad Miss Richardson’s work in mind when he said there 
w r ere four species of the genus and that they are found in caves, 
springs issuing from caves, and artesian wells. However, in 1911, 
in the Pomona College Journal of 1Entomology t volume 3, No. 3, 
Blanche Stafford described a fifth species, namely, Ccvcidotea ala - 
bamemw, from a well in Auburn, Ala. 

The following table will serve to separate the six species of the 
genus now known: 


(175) 
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A. Propodus of first pair of legs armed with one or more triangular processes. 

B. Propodus of first pair of legs armed with a triangular process near 
the distal end and with a long spine at the proximal extremity. 
Uropods about one-half the length of terminal abdominal segment. 
Outer branch three-fourths' as long as inner, which equals the 
peduncle in length. C. nickajackemis Pack. 

BB Propodus of first pair of legs armed with two triangular processes. 

(\ Propodus with three additional short processes. Uropods 
about as long as terminal abdominal segment. Outer branch 
two-thirds as Jong as inner, which is two-thirds as long as 
peduncle C\ xtygia Pack. 

(V, Propodus with three additional spines not processes. Uropods 
a little longer than terminal abdominal segment. Outer 
branch about one-half as long as inner, which is two-thirds 
as long as peduncle. alabamrrmn Stafford. 

BBB. Propodus of first pair of legs armed with three triangular processes. 

C. tridefitata , sp. now 

AA. Propodus of first pair of legs not armed with triangular processes, but 
edged inside with spines. 

B First pair of antennae, with flagellum composed of eleven articles, 
extend one-third the length of the fifth article of the peduncle 
of the second antenna. Second antenna longer than the body; 
flagellum composed of about eighty-six articles. 

C. richardsonw Hay. 

BB First pair of antenna*, w it h flagellum composed of five articles, 
extend half the length of the peduncle ol the second antenna. 
Second pair of antennae ‘‘probably as Jong as body,” flagellum com¬ 
posed of ‘‘at least forty segments” (\ smithsii Ulrich. 

Ctvcidotea trideniata sp. nov. 

(.P1hi v XV ) 

Sizi. The body without the* antennae and uropoda measures in length from 
9 nun. to 19 nun. and in width lroni 1% mm to 3 mm The length of the 
body is approximately fi\e or s x t mes the width. This species is much larger 
than the others of this genus that base been described From the dcscnptions 
1 infei that 10 nmi. i^ about the maximum of (\ >tygm Packatd. the largest 
member of the genus, while 3 mm h supposed to be the maximum of (\ 
s mtthm Ulrich, the smallest These figures suggest that the smallest mature 

tridtntata are about the s ze of some of the members ol other species, but 
the hugest mdiwduals are fully double that size. 

Color. The color is chalky white, the body wall being sufficiently clear 
to show the dark food canal within. Material stored m alcohol appears \ery 
pale yellowish gray. 

Structure. Head: Narrower than first thoracic segment. Wider than long 
The cephalic margin narrower than the caudal, somewhat concave, and bear¬ 
ing the antennules and antennae, the bases of the latter appearing very heavy 
when compared with the size of the head The antennule consists of the 
basal segments and a flagellum of from twehe to eighteen segments, the two 
parts of about equal length; the basal segment stoutest, a trifle longer than 
twice its width; second segment two-thirds as broad as basal and about 
same length; third segment much smaller; five-eighths as broad and one- 
half as long as second. Its distal end bears the tapering flagellum. The an- 
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tennse are relatively large and consist of a basal part of six segments and a 
flagellum of from sixty to eighty segments. Each of the first four segments 
of the basal part is broader than long. Taken together they are equal in 
length to the fifth segment, which is a little shorter than the sixth, from which 
arises the many-segmented flagellum. The mandible bears a large three-seg¬ 
mented flattened palp and two chitin-tipped processes, one a chisel-like cutting 
edge and the other bearing from four to seven teeth. 

Thorax: The segments of the thorax are loosely articulated and their 
lateral margins are fringed with very short, stout setae. All are broader than 
long. It bears seven pairs of legs, of which the first pair is subchelate. 

The first pair of legs is shorter than the others. In the males the propodus 
is very large and bears three well-developed processes, one at the base and 
two near the distal end. The basal one is bifurcate in some and m others 
bears instead a strong seta. There are seven divisions to each limb, counting 
the clawlike terminal one. The propodus is the enlarged fifth division by this 
count. The limbs bear many strong setae and increase in length from the 
first to the last. 

Abdomen: The first two segments of the abdomen are short. The so-called 
third is nearly twice as long as wide and carries the uropods, each of which 
consists of a basal part and two terminal branches. The uropods are longer 
than the abdominal segment which bears them, the relathe length being 5 3. 
The basal segment is nearly as long a> the last abdominal segment, the ratio 
about 6 7 in the males. The two branches are of very unequal length; the 
one female possessing uropods had this basal segment 1:3. the inner being 
much the larger. The relative lengths vary from 3:2 in the female to 4:1 in the 
male. The inner branch is to the peduncle as 3:4. There is considerable varia¬ 
tion m the comparative lengths of these parts. The second pleopod of the 
male, the first of the female and the third pleopods of both sexes are unlike 
those figured by Staffoid for (\ alnhamvnm.<. 

Iiolotype, allotype and paratypes in alcohol. Kansas Tmvcrsit> collection 

The females are smaller than the males and do not have as well- 
developed propodi. The sexual dimorphism appears not to have 
been recorded in the genus heretofore. Another point not mentioned 
in descriptions is the fact that the females possess the flattened 
brood pouches or oostegitos at tin* base of the first four pairs of legs. 
Our specimens were obtained in June, and some of the females bear 
these plates. 

I asked Mr. Hoffmann, who gathered the material, to submit a few 
notes relating the circumstances of their collection. His notes in 
substance follow: 

The cistern from which these specimens were taken is about eight 
feet in diameter and nine feet deep. It contains a square brick 
filter, resting on the bottom in the center, which measures three or 
four feet square at base and tapers to its top, some four feet above, 
where it is just large enough for a four-inch easing, which extends 
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above to within three feet of the top. This casing surrounds the 
pipe leading to the pump, and is open at the top. The water supply¬ 
ing the cistern is caught upon the roof of the house and conducted 
to the cistern by galvanized pipes three or four inches in diameter. 

On one occasion during a rain two isopods were observed by the 
lady of the house to be washed out of the elbow pipe leading from 
the gutter along the eaves of the house onto the sloping tin roof of 
the kitchen, thence into another gutter and down the pipe to the 
cistern. She concluded, therefore, that these animals, which she 
pumped up by way of the pitcher pump in the kitchen sink, were 
either “rained or had bred in the collection of wet leaves in the gut¬ 
ters of the house or in the elbow of the pipe leading from them.” 

A number of specimens were taken alive in the water pumped 
from the cistern. One of these was placed in a specimen jar, three 
and one-half inches in diameter and three inches deep, where it 
lived in one and one-half inches of water from June 18 until July 26. 
The water was replenished from time to time with dirty pond winter, 
containing many small organisms. 

Most of the specimens died within a few days. When seven. I 
were placed together they seemed to take no notice of each other. 
The pleopods were observed to be in vibration as an individual 
made its way through the water. 

It is unfortunate that we were too busy to run any behavior exper¬ 
iments upon these most interesting forms. 

Note. —Through the kindness of the custodian of Crustacea 1 had the 
privilege of examining the Ccecidotea material m the National Museum at 
Washington, I). C. One jar marked Caridotea stygia contains eight vials; 
four of these contain large specimens winch belong to the species I have de¬ 
scribed as new. It is interesting to note that they were collected at Topeka, 
Kan. They bear labels as follows: “Gift of E. A. Popenoe, Topeka, Kansas,” and 
were taken “April 9, May 4, May 12, May 29, 1912.” The other four vials con¬ 
tain material taken from “Graham’s Spring, Lexington, Va., 1876”; Richard¬ 
son’s Spring, Ky., W. P. Hay, Col.”; “Irvington, Ind., from wells W. P. 
Hay”; “Mammoth Cave, Ky., R, E. Call.” 

The last four lots are much smaller specimens than the Kansas material. 
The material from Virginia, Richardson’s Spring, Ky., and from Indiana, differs 
materially from the Kansas species. The species is broader than the Kansas 
crustacean, and the third pleopods are not only much broader comparatively, 
but are more truncate at the tip. 
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Studies on Cicadella hieroglyphica Say (Homoptcra, 
Cicadellidae.) 

BY 1,1'CY M HACKMAN. 

Sul>mitti»il to the department <»f Pittomulog\ and to the graduate faeult\ ol the Vinvusity 
id Kansas tit partiul fulfillment of the reijinrements foi the de«iee ot mastei id aits, Mat I.*>, 
31>22 

INTRODUCTION. 

T HE following notes on the life history of Cicadella hieroglyphica 
consist of observations made from specimens in the field and in 
the laboratory. A growth of young willows along the Kansas river 
offered a splendid opportunity for the former, for there Cicadella 
hieroglyphica may be found at all seasons in very large numbers. 
The laboratory observations were made from specimens collected at 
this place and reared on willow in the laboratory. The most satis¬ 
factory results were obtained when the willow was planted in large 
glass rearing cages. The leaf hoppers could move about at will and 
were easily observed. 

Only a general description of the abdomen is given, for the chief 
concern of this paper is the genitalia. In tracing out the develop¬ 
ment of the genitalia in the male and female, the adult genitalia 
were used as a starting point. To trace the development, the various 
changes in the genitalia from one instar to another were studied, A 
study of the ventral surface of the eighth and ninth abdominal seg¬ 
ments was sufficient in the case of the female, for all three genital 
appendages are readily seen from a ventral view. But in the case 
of the male, where the two pairs of appendages are dorsal in position 
only, the development of the ventral ones could be traced by such a 
study. Therefore, particular attention was given to these dorsal or 
internal genitalia. For this purpose the pygofers were split open 
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along their dorsal surface, the overlying integument carefully re¬ 
moved, and the genitalia thus exposed. Great modifications in the 
genitalia occur within a single instar, and an attempt was made to 
give a rather detailed account of these modifications in the fifth 
instar. 

The writer wishes to express her appreciation to all who have as¬ 
sisted her in this work. Professor Hunter has always been most 
kind in helping in whatever way possible. Dr. Paul B. Lawson, 
under w)kh‘ direction the work was done, has given freely of his 
time and experience. Kathleen Doering, Philip Readio and Robert 
Guntert are also deserving of thanks for their interest and assist¬ 
ance. 

LIFE HISTORY NOTES. 

The following are some of the references to this species: 

Tettigonia hieroglyphica Say, Jl. Acad. Nat. Sci. Phila., vi, p. 313, 1831. 

Tettigonia hieroglyphica Sig7?Ann. Soc. Ent. Fr., eer. 3, iii, p. 805, 1855 

Tettigonia hieroglyphica G. and B., Hemip. Colo., p. 81, 1895. 

Tettigonia hieroglyphica Ball, Proc. Ia. Acad. Sci., viii, p. 51, 1901. 

Tcttigoniclla hieroglyphica Van D., Trans. San Diego Soc. Nat. Hist., ii, 
p. 52, 1914. 

Tettigoniella hieroglyphica De L., Tenn St. Bd. Ent., Bui. 17, p. 20, 1916. 

Cicadella hieroglyphica Van D., Cat. Heraip. N. A., p. 597, 1917. 

Cicadella hieroglyphica Ols., Bui. Am. Mus. Nat. Hist,, xxxvii, p. 3, 1918. 

Cicadella hieroglyphica Lawson, Kan. Umv. Sci. Bui., xii, p. 85, 1920. 

DESCRIPTION OF THE SPECIES. 

The following is the original description: 

Tettigonia hieroglyphica. Dull rufous; head and scutel lmcnted; home¬ 
ly tra spotted. 

Inhabits Arkansas. 

lk)dy obscurely dull rufous; head with a black dot at tip. above literate 
with black; thorax with a dusky posterior disk; scutcl with black more or less 
curved lines; hemolytra obsoletelv spotted, nervures being pale; beneath pale 
yellowish; pectus with large black spots; feet immaculate; tergum blue-black, 
edge yellow Length to tip of hemolytra one-fifth of an inch. 

Dr. P. B. Lawson, in his paper on the Cicadellidae of Kansas, gives 
the following description of the species: 

Form . Hat her htout. Length, 6 to 7 mm. Vertex bluntly conical, wider 
than long. Pronotum nearly 'twice as wide as long, posterior angles broadly 
rounded, postenoi margin medially emargirmted. Elytra broad, but exceeding 
the abdomen. 

Colon. Valying fiom buck red to greenish and slaty blue. Black markings 
on veil ex very strong and distinct, enclosing a light-colored T on basal half. 
Elytra with pale bands along the costal, claval and sutural margins. 
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External genitalia. Female: Last ventral segment about as wide as long, 
lateral margins triangularly produced; pygofers long and narrow, equaling or 
slightly exceeding ovipositor, bearing a few stout hairs. Male: Last ventral 
segment less than twice as wide as long; plates long, broad at base, but 
tapering to long acute apices, margins fringed with short hairs; pygofers long 
and narrow, equaling or exceeding plates and bearing stout hairs. 

Internal male genitalia. Styles short, distinctly bent in at point of attach¬ 
ment to connective by a large, heavily chitinized lobe, then curving outward 
and tapering gradually to blunt apex, with an outwardly projecting process; 
connective slender, Y-shaped, stem of Y broadening to broad base; cedagus 
with pair of short processes extending dorsad from its point of attachment to 
connective, a long process leaving it dorsally from a point a little past its 
middle, and a similar longer one leaving it apically, the latter to the left of 
the former. These two processes are narrow and long, narrowest at the base, 
and widening to a point shortly before the apex, where they are the widest, 
the right one wider than the left one, and then tapering to the acute tips. A 
pair of somewhat narrow triangular chitinous processes extend from the base 
of the anal tube to the mam body of the cedagus. 

Hosts. Taken abundantly on willows. 

The following variety occurs along with the typical forms: 
Cicadella hicroglyphica var. dolobrata (Ball). Its bibliography 
follows: 

Tcttigonia hieroglyphica var. dolobrata Ball, Proc. Ia. Acad. Sci., p. 52, pi. 
3, fig. 2, 1901. 

Tettigonia hieroglyphica var. dolobrata DeL., Tenn. St. Bd. Ent., Bui. 17, p. 
20, 1916. 

Cicadella hieroglyphica var. dolobrata Van D., Cat. Hemip. N. A., p. 597, 
1917. 

Cicadella hicroglyphica var. dolobrata Ols., Bui. Am. Mus. Nat. Hist., 
xxxviii, p. 3, 1918. 

Cicadella hieroglyphica var. dolobrata Lawson, Kan. Univ. Sci. Bui., xii, 
p. 86, 1920. 

Doctor Lawson describes this variety as follows: 

This is a smaller form than the preceding, appearing more robust. In color 
it is typically black, retaining a few of the lighter markings of the typical 
hieroglyphica on the front, vertex, pronoturn and scutellum, and generally 
having the claval sutures light. 

Genitalia as in the preceding form. 

Distribution: Occurs along with the typical form. 

Hosts: Willows. 

DISTRIBUTION. 

Doctor Ball gives the following: “This species, as a whole, is 
very variable in size and color and recalls Uncometopia undata and 
lateralis in their red, green and black forms. The varieties readily 
fall into two series on structural characters. The first has hiero¬ 
glyphica and dolobrata as the extreme in darkening up. These 
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forms arc the only ones found in the Mississippi valley and as far 
west as central Kansas; they occflr also in Texas, Arizona, and 
Mexico.” 

Van Duzee reports it from Kansas, New Mexico, Texas, Illinois, 
Missouri, Iowa, Nebraska, and Arizona. 

HOSTS. 

Cicadella hicroglyphica may be found on several hosts. Willows 
(Salix longifolia and Salix amygdaloides) are the most common of 
these, but it is frequently found on poplar ( Popvlvs monilifera). 
Occasionally it has been taken on the broad-leafed milkweed 
{Asclepias syria ca) and on giant ragweed (Ambrosia irifida). 

HIBERNATION. 

During the winter the adults hide among the fallen leaves and 
rubbish on the ground, and appear very sluggish when disturbed. 
On mild, sunshiny days in January numbers have been observed 
sunning themselves upon the stems. 

SPRING APPEARANCE. 

About the middle of February, or when the willows are first be¬ 
ginning to bud, the greater number are to be found on the branches 
and stems of the willows. They are very gregarious, and often are 
so clustered together as to completely hide the stem. At this time 
of year they feed by sucking the sap from the stems, and give off 
honeydew in such quantities as to cause a noticeable spray. Upon 
close observation this honeydew is seen to be given off in a rapid 
succession of droplets from the anal tube. Several specimens were 
timed in the operation, and from fifteen to thirty drops were given 
off per minute. This continues for several hours at a time while the 
insect is feeding. Frequently this operation is accompanied by a 
spasmodic raising and lowering of the wings, movements of the 
abdomen, and stroking of the wings and abdomen by the long met¬ 
athorn cic legs. 

MATING AND OVIPOSITION. 

(Plato XVII. fitfh. 1-1.) 

Early in April mating takes place. By this time the willow buds 
are beginning to unfold and oviposit ion begins. Numbers have been 
watched ovipositing, both in the field and in the laboratory, and the 
following observations made. 

The eggs are inserted in the tissues of the upper surface of the 
leaf just under the epidermis. In the act. of ovipositing the female 
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braces herself firmly, at times using her beak in addition to her 
legs for this purpose. In all cases observed she always worked head 
up. She first unsheaths her ovipositor, punctures the epidermis with 
its tip, and then inserts it to its full length. The flat surface of the 
ovipositor now rests parallel to the flat surface of the leaf, with its 
toothed edge pointing forward. Sawing the ovipositor back and 
forth she increases the size of the slit until it is large enough for the 
egg. The egg then passes between the valves of the ovipositor into 
the chamber prepared for it, and the ovipositor is withdrawn and 
sheathed. In a very few seconds the process is begun again. 

The time taken up in preparing the chamber and depositing the 
egg varied in several cases observed from two to five minutes, most 
of which time was spent in preparing the chamber. To cite a char¬ 
acteristic case, the whole operation occupied two and one-half 
minutes, the two minutes being spent in preparing the chamber and 
the half minute in placing the egg. 

The eggs may be laid singly or side by side in even rows. The 
largest number found in a single row was twenty-five and the 
largest number in a single leaf was thirty-five. The eggs in a hun¬ 
dred rows or masses were counted, and the average numl>er per row 
was found to be seven. 

The effect of oviposition on the leaves is noticeable. The greater 
number of egg>? are laid in leaves not fully developed, and the pres¬ 
ence of the eggs causes the growing leaf to become distorted and to 
curl around the eggs. However, in no ease observed did oviposition 
kill the leaf. Eggs have been found in both willow and poplar 
leaves. 

NYMPHS. 

(Plato X\ 1, fig* 1-<5 1 

Soon after oviposition, nymphs may be found feeding on the 
leaves. Eggs observed in the laboratory hatched in from eight days 
to two weeks. During their nvmphal life these little leaf hoppers 
molt five times and become adult in a little over two months, or about 
the middle of June. By the middle of May the adults of the over¬ 
wintering generation are all dead. Shortly after becoming adult, the 
new adults mate and another generation is completed by the end of 
summer. This generation consists of the overwintering individuals. 
Nymphs of this generation have been found abundantly on giant 
ragweed and goldenrod, and in all probability the eggs for this gen¬ 
eration are laid in these hosts. 
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DESCRIPTION OF THE INSTARS. 

For the description of the various instars an attempt was made to 
select an average indivdual. It is possible to separate the males and 
females of the same instar by an examination of the ventral surface 
of the eighth and ninth abdominal segments. This is discussed later 
in greater detail under the development of the genitalia of each sex. 
Except for this, and a slight difference m size, the female being the 
larger, the two sexes are practically the same. 

Egg. 

(Platt’ XVII, fi g 1 ) 

Length, 1 25 mm. Greatest width, .41. Suhovoid in shape, somewhat pointed 
at one end, greenish yellow at first; just before hatching deeper yellow with 
daik eyespots 

First Instar 

(Platt X\I, fi« 1 ) 

Length, 2.65 mm Width across c\ eb, 65 mm Pale yellowish white, eyes 
black and piomment, anterior margin of head evenly founded, two pairs of 
wmg pads present, first pair short, barely covering base of second pan, caudal 
margin in form of an inverted W, with median projection extending farther 
caudad than lateral projections, exposed portion of second pair more than 
twice as long as> first pair, caudal margin nearly straight, the segment murked 
oft b\ light brownish bands. 

Second Instar. 

(Pfatt MI, ti* 2 ) 

Length, 3 15 mm. Width acioss eyes, 9 mm. Coloi same as in first mstai, 
margin of head similar; wmg pads have increased in length and width, but 
relative shape and position are the same, caudal margin of second pan bent 
slightly ccphalad medially. 

Third Instar . 

(Plate \\ I, hfc * ) 

Length, 4 25 mm. Width across eyes, 1 mm Color and shape of head un¬ 
changed ; wmg pads show decided change m length and width, lateral angles of 
first pair produced caudad and much longei than median projection; exposed 
length of second pair but httle longer than first pair. 

Fourth Instar. 

(Plate XVI, fig 1 > 

Length, 5 3 mm Width across eyes, 135 mm. Color and shape of head 
practually the same as m preceding mstais; lateral angles of fust pair of wmg 
pads now leach almost to the apex of the second pair; lateral angles of second 
pair have now extended farther caudad, making median indentation m caudal 
maigm mor< pronounced, do not extend beyond second segment of abdomen. 
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Fifth Instar . 

(Plate XVI, fig. 6.) 

Length, 6.4 nmi. Width across eyes, 1.4 mm. Color the same, head becom¬ 
ing slightly more pointed, markings more distinct; lateral angles of first pair of 
wing pads still further produced and are now about the same length as second 
pair; lateral angles of second pair also further produced caudad and now extend 
almost to fourth abdominal segment. 

Adults . 

(Plate XVI, fig. 6 ) 

The second generation, or the overwintering one, consists of the 
typical reddish adults. The sexes can be easily distinguished one 
from the other by the darker color of the male abdomen as con¬ 
trasted with the lighter color of the female’s. These produce the 
slaty-gray individuals of the summer generation. The black form, 
the variety dolobrata, is also present at this season. However, only 
males of this form have been found. They mate with the slaty-gray 
individuals, which are for the most part females, although males of 
this type are numerous. Very evidently, the dark forms are di¬ 
morphic males of the summer generation. A single dark male was 
taken April 1 with the overwintering red forms, but whether this is 
one of the summer forms which has overwintered or one of the win¬ 
tering generation which differs in color from the rest of the gener¬ 
ation has not been determined. 

MORPHOLOGICAL STUDIES. 

GENERAL DESCRIPTION OF THE ABDOMEN. 

(Plate XVIII, figs. 1-3; 6-«.) 

The abdomen is joined broadly to the metathorax. It continues 
at the same width for about two-thirds of its length, and from there 
tapers to a somewhat pointed apex. In a general cross section it is 
semicircular in outline. The sternite and the pleurites, ventral in 
position, form the straight part of the semicircle, while the curved, 
dorsal tergite forms the circular part. Eleven segments can be ac¬ 
counted for. In the male, six of these are represented by complete 
sternites, pleurites and tergites, but in the female only five are so 
represented. In the first two segments only the sterna and terga are 
present, the pleura being represented by pleural membranes. Seg¬ 
ments three to eight in the male and three to seven in the female are 
typical. The terminal segments in both sexes arc modified. These 
modifications are discussed under the heading “external genitalia” 
in the description of the species. In addition to what is given there, 
I should like to add that the ventral valve of the adult is present, 
but concealed by the last ventral segment. 
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DEVELOPMENT OF MALE GENITALIA. 

(Plate XIX, figs. 2, 4, f>. 8, 10. 12; Plate XX, figs. 1-18.) 

The male genitalia, consisting of three pairs of valves arise from 
a genital area on the ninth abdominal segment. In the first, second 
and third instars there 1 are two pairs of valves present. These de¬ 
velop in small chitinous pockets, which are attached at the caudal 
edge of the genital area with their apices directed caudad. The 
genital area increases slightly in size in each successive instar, as do 
the pockets. The pockets are placed one upon the other, the ven- 
trally placed pocket producing the plates of the adult and the more 
dorsal pair the cedagus. The ventral pair is about twice as long as 
the dorsal. Both taper caudad, and are somewhat rounded at the 
apex. Each pair is divided into its right and left valve by a chit¬ 
inous median partition. 

In the fourth instar there is, as in the former instars, a noticeable 
increase in size, both of the genital area and of the ventral and dor¬ 
sal pockets. In addition to these structures, there is now present a 
pair of small lateral pockets located at the lateral margin of the 
genital area, and extending caudad as far as the bases of the dorsal 
pockets. In these lateral pockets develop the styles of the adult 
genitalia. In the fifth instar there is no great change in the relative 
position and shape of the pockets. There is, of course, a natural 
increase in the size of all three pockets. 

In the fifth instar the greatest changes in the developing genital 
appendages take place. The three pairs of valves may be traced 
through several distinct phases of development by a study of the 
soft, white integument which can be drawn from the chitinous pock¬ 
ets. Details of five particular phases might he mentioned. (Plate 
XX, figs. 6-18.) 

The ventral plates which develop in the ventral pockets show 
very little change throughout the successive phases of this instar. 

The styles which develop in the lateral pockets are present in all 
five phases and show a gradual increase in size through the phases. 
In the fourth phase they first show their permanent attachment to 
the ventral plates, which is more apparent in the fifth phase and in' 
the adult. They arc attached on their outer edges near the base of 
the plate. 

The developing oedagus or the integument drawn from the dorsal 
pockets shows the most remarkable alterations. In phase 1 the 
oedagus consists of two valves placed parallel to the ventral plates. 
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In phase 1, ventral aspect, the valves placed side by side are com¬ 
paratively narrow at their bases, widest at a point a little before the 
middle, and then tapered to somewhat pointed apices. Dorsallv 
they do not appear to extend as far cephalad as they do ventrally, 
nor are they divided into right and left valves except for a short 
distance apically, at which point they are widely separated. 

In phase 2, viewed ventrally, the two valves have become longer 
and slightly narrower than in the preceding phase, and instead of 
their former relationship, side by side, the right valve at the base is 
now assuming a ventral position with respect to the left valve. Also, 
the fiat surfaces of the valves, instead of being parallel to the ventral 
plates, are now assuming a perpendicular position. Between the 
valves, at a point a little beyond the middle, a short, slender finger¬ 
like process is visible. Viewed dorsally, this process appears be¬ 
tween the two valves at the point of wide separation in phase 1 and 
projects for a short distance caudad. It is an evagination of the 
integument of the valves. 

In phase 3, ventral aspect, the two valves have continued to in¬ 
crease in length. The right valve is distinctly folded over the left 
valve at the base. A lateral aspect shows plainly the relative posi¬ 
tion of the median process and the valves. In phase 3, dorsal aspect, 
there is little change in the valves except an increase in length. The 
median process also shows an increase in length and width. 

In phase 4, ventral view, the valves again are longer than in the 
preceding phase, and the median process also shows a distinct in¬ 
crease in length. The folding of the right valve over the left valve 
is more complete, and the bases of the two valves are farther apart 
than in the preceding phase, the left valve having moved caudad. 

In phase 5 the oedagus appears very similar to the adult oedagus. 
Here the valves have become very much longer than in phase 4. 
The median process has increased greatly in length. 

During the development of the valves their apices have main¬ 
tained their relative length in respect to the ventral plates. The in¬ 
crease in length has been taken up by increased dorsal curvature. 

For a description of the adult male internal genitalia, reference 
may be made to the description of the species. 
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DEVELOPMENT OF THE FEMALE GENITALIA. 

Ovipositor of Adult. 

(Plate XVIII, figs. 4-6 > 

In the female the genitalia also consist of three pairs of append¬ 
ages. They are the ventral and dorsal pairs, which make up the 
ovipositor proper, and the lateral pair, within which the ovipositor 
is folded. The ventral pair arise from the eighth sternum, and the 
dorsal and lateral pairs arise from the ninth sternum, the dorsal 
pair from its cephalic margin and the lateral pair from its caudal 
margin. 

The ventral valves arising from the eighth sternum are two long, 
slender valves, tapering oaudad and sharply pointed at the apices. 
They are ventral in position and inclose the dorsal valves. The 
ventral and dorsal valves of each side are 1 joined one to the other 
by a tongue-and-groove arrangement, the tongue being on the dor¬ 
sal valve and the groove on the ventral. 

The dorsal valves are innermost of the three pairs and are dorsal 
in location. They consist of a narrow, curved, rodlike base, and a 
broader, flattened apical part which bears teeth along its dorsal 
edge. The apex is sharply pointed and bears very fine teeth on 
both dorsal and ventral edges. There are from seventeen to nine¬ 
teen large teeth on the dorsal edge. 

The lateral valves are fhe -outermost of the three and enfold the 
other two pairs. They are broad, flat, and somewhat concave on 
their inner surfaces. They are not capable of extension as are the 
other two pairs, for in addition to being attached basally to the 
ninth sternum, they are also attached to the pygofers for about one- 
half their length. Their apical half is free. 

Nymphal Genital Appendages. 

(Plate XIX, figs. 1, 3, 0, 7, 0, II ) 

In the first and second instars two pairs of very small chitinous 
pockets may be seen, one projecting caudad from the eighth sternum 
and the other from the ninth. In the first pair develop the ventral 
valves of the adult ovipositor, and in the second the dorsal valves. 
In these two instars the apices of the ventral pockets are at a dis¬ 
tance from the bases of the dorsal pockets. The dorsal pockets, 
extending caudad for about one-third the length of the ninth seg¬ 
ment, are also short. 

In the third instar the ventral pockets have increased in length 
and width. They are still short and broad. Their broadly rounded 
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apices overlap the bases of the dorsal pockets. The narrower, 
longer dorsal pockets extend caudad for about one-half the length 
of the ninth segment. In this instar the lateral pockets first appear. 
They lie laterad of the dorsal pockets, are slightly curved and some¬ 
what narrower and shorter than these. 

In the fourth instar the ventral pockets are longer than in the 
preceding instar, and are now more than two-thirds the length 
of the dorsal pockets. The ventral, still the longer of the two pairs, 
are about the same distance from the tip of the ninth segment. 
They are beginning to be enfolded by the lateral pockets, which 
have broadened and are now somewhat concave on the inner sur¬ 
face. The lateral pockets arc longer than the ventral pockets, but 
shorter than the dorsal. 

In the fifth instar the three pairs of pockets are rather darkly 
chitinized. The ventral pockets are broad at the base and taper 
gradually to narrowly rounded apices. They are the shortest of 
the three pairs, though nearly as long as the dorsal pair. Only the 
extreme apices of the dorsal pockets are visible, their basal portion 
being hidden by the broader ventral pockets. They are still longer 
than the ventral pockets, but are now exceeded in length by the 
lateral pockets. These are somewhat spoonlike and have more com¬ 
pletely enfolded the dorsal pockets. 
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PLATE XVI. 

1. First instar. 

2. Second instar. 

3. Third instar. 

4. Fourth instar. 

5. Fifth instar. 

6. Adult. 
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PLATE XVI. 
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PLATE XVII. 

1. Egg enlarged. 

2. Leaf with two egg 

3 Leaf >howmg efl’cct of <>\ ipoMtion. 

4 Twig showing efT( e< of oviposit ion 
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PLATE XVIII. 

1. Abdomen of adult female. 

2. First sternite of female abdomen. 

3. Second sternite of female abdomen. 

4. Ventral valve of ovipositor attached to eighth sternum. 

5. Dorsal valves (upper) and lateral valves (lower), showing atuol.imnt ,o 
ninth sternum. 

6. Terminal segments of female abdomen, showing ovipositor 

7. First, sternite of male abdomen. 

8. Second sternite of male abdomen. 

9. Abdomen of adult male. 

10. Cephalic view of main body of cedagus. 

11. Caudal view of main body of mdagus. 

12. CEdagus, showing attachment of ejaculatory duct. 

13. Styles and connective. 

14. Ventral valves, dorsal aspect, showing attachment of styles. 

15. Male genitalia. 
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PLATE XIX. 

Terminal Segments of Abdomen: 

1. Female, first mstar. 

2. Male, first mstar. 

3. Female, second instar. 

4. Male, second mstar. 

5. Female, third mstar. 

6. Male, third mstar, 

7. Female, fourth mstar. 

8. Male, fourth instar. 

9. Female, fifth mstar. 

10. Male, fifth instar. 

11. Female adult. 

12. Male adult. 



Hackman: Cicadella Hieroglyphica. 
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PiATE XX. 

Development or Male Internal Genitalia: 

1. First mstar. 

2. Second instar. 

3. Third instar. 

4. Fourth instar. 

5. Fifth instar. 

6. Fifth instar, phase 1, dorsal view. 

7. Fifth instar, phase 1, ventral view. 

8. Fifth instar, phase 2, dorsal view. 

9. Fifth instar, phase 2, ventral view. 

10. Fifth instar, phase 3, dorsal view. 

11. Fifth instar, phase 3, ventral view. 

12. Fifth mstar, phase 3, lateral (right) view of cedagus. 

13. Fifth mstar, phase 3, lateral (left) view of cedagus. 

14. Fifth instar, phase 4, ventral view of cedagus. 

15. Fifth instar, phase 4, lateral (right) view of cedagus. 

16. Fifth mstar, phase 4, lateral (left) view of cedagus. 

17. Fifth mstar, phase 4, lateral (right) view of cedagus. 

18. Fifth instar, phase 4, relative position of plates, styles and cedagus. 



Hackman: Cicadella Hieroglyphica. 
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The Ovipositors of the Cicadellidae (Homoptera). 

Rv PHILIP A. HKADIO. 
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May 15. am. 

INTRODUCTION. 

T HE primary purpose of this paper is to determine whether or 
not the ovipositors of the Cioadellida? possess characters of 
value in classification, and if so, of how much value these characters 
are and how accessible they are to the general worker. To Prof. 
Paul B. Lawson belongs the credit for suggesting the paper. In the 
same group he has recently found that the male genitalia are of 
much value ih classification, and the possibility of equal value in 
the female genitalia occurred to him. Miss Itasca Hilsman, work¬ 
ing in the closely related family, Cicadida 1 , found that the ovi¬ 
positors in this group “afford constant and ready characters which 
may at times be of decided value to him (the specialist) in the de¬ 
termination of closely related species.” Hence it was natural to ex¬ 
pect that equally favorable results might be obtained from a study 
of the ovipositors of the Oicadellkhe. As an introduction to the 
taxonomic part of the paper, a morphological study of the abdomen 
of the female and the structure of the ovipositor was made. 

In addition to the reasons already stated, there are certain gen¬ 
eral considerations which would lead one* to expect such an investi¬ 
gation as this one to be fruitful. It is constant characters that the 
taxonomist is* in search of—characters that are sufficiently definite 
to separate closely related species, and yet are present in the entire 
range of the species. Because of their internal position, genitalia 
are more likely to be constant than external structures, which may 
vary with differences of environment. The constancy of the use to 
which genitalia are put also makes for the permanency of their 
structure and their usefulness as taxonomic characters. 
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The material necessary for this study was obtained from the 
duplicate collection of the University of Kansas entomological mu¬ 
seum. A representative number of ovipositors from each of the 
subfamilies, excepting the Paropinap, was examined, and an attempt 
made to examine as many different genera and as many species in 
each genus as possible. Tn all, representatives of forty-eight genera 
and ninety-two species were examined and figured. 

The writer wishes to express to Prof. S. J. Hunter his appreciation 
of the sanction given to this work, and of the necessary time and 
materials so kindly placed at his disposal. To Prof. P. B. Lawson 
many thanks are due, both for the conception of the nature of the 
problem and for the direction of the work to its completion. It 
was under the able direction of Prof. P. W. Claassen, of Cornell 
University, that the photography was done. To Prof. H. B. Hunger- 
ford, Miss Lucy Hackman, Miss Kathleen Doering and Mr. Robert 
Guntert the writer wishes to express his appreciation for their kind 
help, suggestions and criticisms. 

THE ABDOMEN OF THE FEMALE. 

(PI. XXI, figs. 1-3 ) 

For a study of the abdomen of the female leaf hopper, dried speci¬ 
mens of Oncometopia lateralis (Fabrieius) were used. These were 
soaked in caustic potash, ten per cent, for twenty-four hours, and 
drawings and descriptions made from the cleared specimens. 

The abdomen joins the thorax broadly, bulges slightly in the mid¬ 
dle, and, from a point a little past the middle, tapers both in width 
and in height to a blunt, caudal point. A cross section has a general 
semicircular outline. The tergum is arched, appears dorsally and 
laterally, and forms the rounded portion of the semicircle, while the 
pleura and sternum are flat, and form the flat, ventral portion. The 
lateral edges of the sternum are bent slightly dorsad at their union 
with the pleura. The pleura and tergum unite at a distinct but 
slightly rounded angle. 

Eleven segments can be accounted for in the abdomen. Of these, 
segments one and two lack distinct pleura, and segments eight to 
eleven are variously modified as described. 

The tergum of the first segment is partly membranous and partly 
chitinized. Cephalad, at its junction with the metathorax, it is en¬ 
tirely membranous. Caudad, at its junction with the second ab¬ 
dominal segment, is a narrow, linear, chitinized sclerite which bears 
laterally two inwardly projecting processes along its cephalic border. 
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Between the inwardly projecting processes is a round, small, chi- 
tinized piece. The pleura are entirely membranous, and in the 
pleural membranes, opening ventrally, are the spiracles of the first 
segment. These are larger than those of the other abdominal seg¬ 
ments. The sternum consists of a curved, lightly chitinized caudal 
sclerite extending for nearly the entire width of the segment, and of 
a membranous cephalic portion connecting with the metathorax. 
The chitinized portion has along its cephalic border two pointed 
projections which point mesad. 

The tergite of the second segment consists of a simple, linear; 
chitinized sclerite which extends nearly the entire width of the seg¬ 
ment. It is about one-third the length of the third tergite. The 
pleura are represented only by pleural membranes in which the 
spiracles of this segment are located. The spiracles open dorsally 
and appear to be in the membrane laterad of the second tergite. 
The sternum of segment two is a curved, chitinous piece extending 
the entire width of the segment. 

Segments three, four, five and six have distinct and complete 
terga, sterna and pleura. The terga are arched and form the dorsal 
and lateral surfaces. The ventral surface is formed by the pleura, 
which are subreetangular and longer than wide, and by the sterna, 
which are also subreetangular, but wider than long. Each pleuron 
bears a spiracle in a eephalomesal position. The fourth segment 
is slightly longer than the third, and the fifth and sixth are about the 
same length and longer than the fourth. 

Segment seven is also complete. The tergum and pleura are the 
same as in the preceding segments. The sternum forms the sub- 
genital plate and is commonly called the last ventral segment. Its 
lateral margins converge eaudad and its caudal border bears a broad 
but shallow indentation along its mesal half. Dorsad of the sternum 
of segment seven is an invaginated pocket in which the bases of the 
valves of the ovipositor are located. Its ventral side is formed by 
the apical portion of the seventh sternum and a membrane arising 
from the dorsal surface of this sclerite and extending eephalad to 
its base. The dorsal side of the pocket is formed by a membrane 
which is continuous with the membrane of the ventral side, and 
which extends eaudad to the eighth sterna with which it connects. 
The greater part of this dorsal membrane is strongly chitinized, but 
medially it is apparently divided by a narrow, clear line which ex¬ 
pands apieally into the entirely membranous apex connecting with 
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the eighth sterna. Laterally this pocket is bounded by the continu¬ 
ation of the dorsal membrane to the seventh and eighth pleura. The 
anterior portions of these lateral membranes are strongly chitinized 
and curve mesad ventrally. 

The terminal segments of the female abdomen bear the external 
organs of reproduction and are modified for this purpose. Segment 
eight is represented externally only by the tergum and the pleura. 
The tergum is essentially the same as in the preceding segments, 
but narrows slightly caudad. The pleura narrow caudad and are 
triangular in shape. They include the ventral cephalic portion of 
the ninth segment between them and bear the last pair of spiracles. 
Externally segment nine consists only of a tergum, commonly called 
the pygofer, which almost completely encircles the abdomen, leav¬ 
ing only a ventral groove in which the ovipositor is folded. Ven¬ 
trally it extends eephalad, ending in two obtuse points between the 
eighth pleurites. The caudal portion encircles nearly the whole seg¬ 
ment and tapers towards its caudal end. 

The anal tube is composed of segments ten and eleven. Segment 
ten arises from the narrowed apex of segment nine and is short and 
tubular. It connects by a distinct intersegmental membrane with 
segment eleven, which is also tubular and can be telescoped within 
segment ten. Segment eleven bears the telson, the extreme apical 
portion of the abdomen. Along the dorsal edge of the telson is the 
anus, an opening running for its entire length and guarded by hairs. 

There are eight spiracles in the abdomen of the female located in 
the first eight segments as described. 

Along the ventral side of the abdomen there occur many short, 
fine hairs, which in all cases point backward. The hairs on the ninth 
segment, or pygofer, are somewhat longer than those on the other 
parts of the abdomen, 

THE OVIPOSITOR. 

(PI. XXI, figs. 4-9.) 

This description was made from the ovipositor of Oncometopia 
lateralis (F&bricius). However, in the many other species of leaf 
hoppers examined, the fundamental structure of the ovipositor was 
lound to be the same as for the species here described. 

The ovipositor of the leaf hopper is fitted for sawing slits in plant 
tissues and for placing eggs within these slits. When not in use it 
lies in the groove in the ventral surface of the ninth segment. The 
ovipositor consists of three pairs of valves or gonapophyses. The 
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inner two pairs alone function in sawing slits and placing eggs, and 
the outer pair act as guards within which the two inner pairs lie 
when not in use. In this discussion the valves are numbered I, II 
and III, according to their attachment, the most cephalic in attach¬ 
ment being numbered I. 

Valve I is the outer and more ventral of the two inner pairs of 
valves. Its chief attachment is to the eighth sternum, which is 
divided and appears as two subrectangular, heavily chitinized 
sclerites, for the most part hidden in the pocket above the seventh 
sternum. Near its base, a narrow, curved rod leaves its dorsal mar¬ 
gin and attaches basally to a small, triangular selerite on the dorsal 
side of the cephalic end of the pygofer. This small triangular scle- 
rite is possibly the ninth pleuritc. Upon attempting to separate the 
narrow, rodlike portion from the rest of the valve, a featherlike 
structure, consisting of a middle portion formed by the continua¬ 
tion of the attaching rod and membranous side plates, can be drawn 
out. However, except basally. this featherlike structure is en¬ 
tirely incorporated into the main part of the valve, both structurally 
and functionally. The main part of the valve is relatively broad 
basally, narrows slightly beyond the base, broadens again towards 
the middle, and narrows to a sharp, apical point. A heavily chitin- 
ized rod strengthens the ventral portion of this valve. The rod 
is comparatively large basally, narrows in the middle portion, and 
is absent in the apical third. Along the entire dorsal border and 
along the ventral apical border are diagonal rows of scalelike proc¬ 
esses. Along its mesal surface, just dorsad of the chitinized rod, is 
a mushroom-shaped groove into which a complementary tongue on 
the outer surface of valve II fits. This permits independent sliding 
of the two valves, but not complete separation. Basally the ven¬ 
tral edges of this valve turn mesad, and on the dorsal side of this in- 
turned portion is a less heavily chitinized projection. This projec¬ 
tion in the one valve bears a tongue, and in the other a groove, unit¬ 
ing the two basally. For the greater part of their length, however, 
they are independent. 

Valve II is the inner and the more dorsal of the two inner pairs 
of valves. It is attached to the cephalic end of a small selerite, 
which is attached to the pygofer. This selerite is ventral in posi¬ 
tion and possibly represents the ninth sternite. This valve is narrow 
and rodlike at the base, but for its greater length is broad and flat. 
It also possesses a chitinized strengthening roil which extends nearly 
to its apex. On the outer surface of the valve, just vent rad of the 
rod, is a tongue which fits into the groove in valve I. The dorsal 
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edge usually bears teeth, which may extend for its entire length, be 
confined to the apical half, or appear only at the tip. The teeth 
are of various shapes in the different species, and may or may not 
in turn bear secondary teeth. The pointed tip is usually notched 
with small teeth, and these may appear on either the dorsal or ven¬ 
tral or both sides. From the interior of the valve certain ductlike 
structures lead to the dorsal and apical teeth. The function of these 
ducts is unknown. This pair of valves is usually united one to the 
other basallv, sometimes by a heavy chitinized connection, some¬ 
times only by a membrane, but not by a tongue and groove. 

Valve III is the most caudal in attachment, being attached to the 
caudal end of the same sclerite to which valve II is attached. There 
is also a membranous connection between this valve and the ventral 
side of the pygofer for about half the length of the valve. The 
proximal half of the valve is narrow and the apical half broad and 
spoonlike, being somewhat concave on its inner surface. It is 
bluntly rounded at the apex. This pair of valves, between which 
there is no connection, forms a protecting sheath in which the ovi¬ 
positor is completely encased when not in use. 

Oviposition of Cicadella hieroglyphica (Say) has been observed 
and the use of the ovipositor noted. Valve III remains in its posi¬ 
tion in the groove of segment nine and takes no part in the opera¬ 
tion. Valves I and II, closely appressed and appearing as a single 
structure, are extruded from their resting place and form the func¬ 
tional part of the ovipositor. The ovipositor i* first held vertically 
and its tip inserted under the epidermis of the leaf. It is then 
pushed in to nearly its full length, and now is in a horizontal posi¬ 
tion, the flat surface of the ovipositor being parallel with the flat 
surface of the leaf. The teeth on the dorsal edge of the ovipositor 
are now turned cephalad. The ovipositor is pushed backward and 
forward with a sawlike motion until the chamber is large enough for 
the reception of the egg. The egg passes out between the valves of 
the ovipositor and into the chamber, and when in place, the oviposi¬ 
tor is withdrawn and folded into its resting place. 

TAXONOMIC' USE OF THE OVIPOSITOR. 

In the search for characters of taxonomic value in the ovipositor, 
valve II was at once hit upon as being the structure most likely to 
possess useful characters. It varies in different species in regard to 
size, shape, number and shape of primary teeth, number and shape 
of the secondary teeth borne by the primary teeth, characters of the 
tip, and in the number and arrangement of the duets. That these 
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characters are constant within the species has been proven by ex* 
amining a wide range of individuals within the species and finding 
that the variation was negligible. Consequently, for the taxonomic 
part of this paper, valve II is used exclusively. 

The technique used in mounting valve II for study is simple. The 
tip of the abdomen bearing the ovipositor is broken off from the 
dried specimen, soaked in ten per cent caustic potash for twenty- 
four hours, washed in water for a few minutes, valve II and other de¬ 
sired parts dissected out under a binocular microscope, dehydrated 
in ninety-five per cent alcohol for five minutes, cleared in xylol for 
five minutes, and mounted in balsam on a microscope slide. It is 
.well to give the slide and the specimen from which the slide was 
made a corresponding number, so that any necessary checks may 
be made. This method gives a permanent mount, which may be 
studied at the convenience of the worker. 

Several methods of figuring the ovipositor were used. The first 
was that of drawing the desired valve free-hand with the aid of a 
micrometer eyepiece divided into squares, which correspond to 
squares on the drawing paper. This is a satisfactory method, but 
somewhat more laborious than the methods later used. The second 
was to draw with the aid of the camera lucidn. The particular 
equipment available did hot give satisfactory results at all times, 
but there is no doubt but what this method could be used with 
satisfaction. The greatest degree of success was obtained by the 
use of the Edinger drawing apparatus. This apparatus projects the 
desired image upon the drawing paper, and the figuring consists only 
of tracing in the image. Photography was tried and found to be a 
very successful means of reproducing the desired image. A camera 
fitted for ordinary scientific work was used. It was turned to a ver¬ 
tical position and a lens board fitted with a black, light-proof sleeve 
was inserted in the front lens-board holder. The sleeve was lowered 
over the ocular of a compound microscope, and focusing for desired 
size and definition of image accomplished by a combination of 
microscope and camera adjustments. Various substitutions in ob¬ 
jectives and oculars were necessary to meet all conditions. Illumi¬ 
nation was furnished by an ordinary substage light, and exposures 
were made by the switching off and on of this lamp. Undoubtedly 
much better results could be obtained with the aid of special photo¬ 
micrograph^ equipment. 

Descriptions of the ovipositors of the genera and species of the 
various subfamilies follow: 
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Subfamily BYTHOSOPINiE (Dohrn). 

Agalliopsis novella (Say). 

(PI. XXII. fig. 2.; pi. XXV. fig. J.) 

Length, 1.1 miu.; greatest width, 0.11 mm. Apical toothed half only 
slightly wider than basal half; distinctly curved, tip rather gradually narrowed, 
extreme apex somewhat pointed, chitinization light; strengthening rod ex¬ 
tends caudad as far as twenty-first or twenty-second dorsal tooth from apex. 
Toothed area on dorsal edge occupies slightly less than the apical half, teeth 
sixty-three to sixty-five m number, very small, angular, pointed, rather regu¬ 
lar in size, shape and spacing; a few double teeth present, no secondary teeth; 
the tip is notched on both edges with small teeth, practically continuous 
around the tip, twenty to twenty-two on ventral edge; area of ducts in¬ 
conspicuous, a few ducts faintly visible, for their entire length, but for the 
most part are invisible except for their apices and circular openings, open 
along the ventral apical edge (seven), along the dorsal edge of the toothed 
area, and in the basal region; the two valves of the pair are Joined one to 
the other by a narrow, elongate, ehitimzed connection present on the dorsal 
edge of the basal region at a point about two-fifths the length. 

Aceratagollia uhlvri (VanDuzee). 

(PI. XXV, fig. 2.) 

Length, 1 mm.; greatest width, .07 nun. Apical half very little if any 
wider than basal half; distinctly curved, tip gradually narrowed, extreme 
apex rather pointed, chitinization moderately light; strengthening rod ex¬ 
tends caudad as far as twenty-second dorsal tooth from apex. Toothed area 
on dorsal edge occupies the apical half of the length; teeth about ninety 
in number, very small, angular, pointed, fairly regular as to size, shape and 
spacing, larger apically; bear no secondary teeth; the tip is notched with small 
teeth on both edges, continuous around the tip, about twenty-two on the 
ventral edge; area of ducts conspicuous, ducts easily visible for entire length; 
open along ventral apical edge (five to six), along dorsal edge of toothed 
area, and in basal region; the two valves of the pair are joined one to the 
other by an elongate, narrow’, chitinized connection present on the dorsal edge 
at a point about one-third the length. 

This ovipositor is similar to that of Agalliopsis novella (Say) in 
general appearance. 

Genus Idiocerus Lewis. 

The ovipositors of seven species of this genus have been examined 
and found to be generally similar. In each case the ovipositor is 
about the same width for the entire length and is only slightly 
curved. Examples of light, medium and heavy chitinization are 
found. The valve may be toothed along its dorsal edge from a 
fourth to a little more than a half its length apically. The teeth 
in the specimens examined are ten to thirty in number, medium to 
large in size, rounded, evenly spaced, qnd may or may not bear 
secondary teeth. The ducts may appear duct like, granular, or be 
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invisible. The apex may or may not bear small teeth along one 
or both edges. A chitinous connection is present on the dorsal edge 
of the basal area in some species. 

Idiocerus nervatm Van Duzee. 

(Pi. XXV, fig. 9.) 

Length, 1.4 min.; greatest width, 0.12 mm. Apical portion slightly wider 
than basal portion; slightly curved, tip greatly narrowed with the extreme 
apex bluntly rounded, very lightly chitinized; strengthening rod extends 
caudad as far as eleventh dorsal tooth. Toothed area on dorsal edge occupies 
the apical two-fifths of the length; teeth fourteen to sixteen in number, large, 
long, rounded, regular, evenly spaced, though somewhat farther apart basally; 
bear no secondary teeth, though the margin is irregularly roughened; the tip 
•is notched oh both edges with small, forward-pointing teeth, eight appear 
ventrall.v, one to three dorsally; area of ducts inconspicuous, circular openings 
alone visible; of these four open ventrally, three apically, and many dorsally. 
There is no evidence of a chitinous connection. 

Idiocerus pallidus Fitch. 

(Pi. xxrr, fig. i ; pi. xxv, fig. 5.) 

Length, 2.4 mm.; greatest width, 0.25 mm. About the same width for 
entire length; slightly curved, tip bluntly rounded, heavily chitinized; strength¬ 
ening rod extends caudad as far as ninth dorsal tooth. Toothed area on 
dorsal edge occupies a little more than the apical third; teeth fourteen in 
number, large, rounded, regular, evenly spaced except basally, where they are 
farther apart; secondary teeth only on last eight primary teeth, these very 
small and indistinct, especially on those farthest from the tip, where they can 
be seen only with the aid of high-power magnification; the tip is notched with 
small, regular teeth on both dorsal and vent nil edges; area of duets con¬ 
spicuous, ducts elongate, large, straight; six open along ventral apical edge, 
one in extreme apex, and many along the dorsal edge. A rather indistinct 
chitinous connection is present on the dorsal edge of the basal area and joins 
the two valves of the pair. 

Idiocerus duzeei Provancher. 

(PI. XXV, fig. 6,) 

Length, 2.6 mm.; greatest width, 0.34 mm. Apical portion slightly wider 
than basal portion; slightly curved, tip ends in somewhat rounded, obtuse 
point, heavily chitinized; strengthening rod extends caudad as far as sixth 
dorsal tooth. Toothed area on dorsal edge occupies a little less than the 
apical half, teeth nine to ten in number, large, somewhat angular, regular, 
evenly spaced, but larger and farther apart basally, teeth one and two being 
very large, rounded, and heavily chitinized; all the primary teeth except 
teeth one, two and three are notched with small secondary teeth; tip is 
notched with many small, regular teeth on both dorsal and ventral edges; 
ducts conspicuous, rather small, straight, open by circular openings; six open 
along the ventral apical edge, one in extreme apex, and many along the 
dorsal edge; there is no well-defined chitinized connection between the two 
valves of the pair* 
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Idiocerm verticis (Say). 

(PI. XXV, fig. 7.) 

Length, 1.55 mm.; greatest width, 0.15 mm. Apical portion only slightly 
wider than basal; slightly curved, tip greatly narrowed with extreme apex 
rounded, ehitinization light; strengthening rod extends caudad as far as 
fourteenth' dorsal tooth. Toothed area on dorsal edge occupies a little more 
than the apical third; teeth twenty in number, large, rounded, regular, evenly 
spaced except basally; bear no distinct secondary teeth, though the margin 
is irregularly roughened suggesting secondary teeth; the tip bears ten small 
caudad-pointmg teeth along its ventral edge; the ducts are inconspicuous, 
their circular openings alone being visible; of these apparently two open 
ventrally, three apically, and many dorsally; there is no distinct chitinized 
connection between the two valves of the pair. 

Idiocerm seurra (Gormar). 

(PI. XXV, fig. 8.) 

Length, 222 mm., greatest width, 0.28 mm About the same width for 
entire length; slightly curved, tip narrowed but broadly rounded at the ex¬ 
treme apex, rather heavily chitinized; strengthening rod extends caudad as 
far as the twenty-fifth dorsal tooth. Toothed area on dorsal edge occupies 
a little more than the apical half; teeth thirty in number, moderately large, 
rounded, regular, evenly spaced, about the same distance apart for entire 
length; bear no secondary teeth; the ventral edge of the tip bears ten small 
teeth; area of ducts conspicuous, granular m appearance, circular openings 
visible; two open ventrally, two apically, and many dorsally; the two valves 
of the pair are joined one to the other by a distinct, elongate, chitinized con¬ 
nection present on the dorsal edge of the basal area. 

Idiocerm ramenloxm (Uhler). 

(PI XXV, fig. 4.) 

Length, 1.96 mm.; greatest width, 0.17 mm. About the same width for en¬ 
tire length; only slightly curved, tip greatly harrowed with extreme apex 
rounded, moderately heavy ehitinization, strengthening rod extends caudad 
as far as eleventh dorsal tooth. Toothed area on dorsal edge occupies a little 
more than the apical third; teeth eighteen m number, large, rounded, generally 
regular with a few double teeth, evenly spam! but farther apart basally; bear 
no secondary teeth: the tip bears three to four small, inconspicuous teeth 
along its ventral edge; area of ducts conspicuous, granular m appearance, 
circular duct openings visible; two to three open ventrally. three apically, 
and many dorsally; the two halves of the pair joined one to the other by 
an elongate, narrow*, chitinized connection present on the dorsal edge of the 
basal area. 

Idiocerm snowi Gillette and Baker. 

(PI. XXV, fig. 3.) 

Length, 2.33 mm.; greatest width, 0.22 nun. About the same width for 
entire length; slightly curved, tip very bluntly rounded, rather heavily chitin- 
ized; strengthening rod extends caudad as far as eighth dorsal tooth. 
Toothed area on dorsal edge occupies the apical fourth; teeth ten in number, 
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medium in size, broad and rounded, regularly spaced except basally. where 
they are farther apart; bear no secondary’ teeth; no teeth present at the 
apex, area of ducts conspicuous, granular in appearance, circular duct open¬ 
ings visible, none open ventrally, six apically, and many dorsallv; the two 
valves of the pair are joined one to the other by an elongate, narrow, ehitin- 
izCd connection present on the? dorsal edge of the basal area. 

Genus Macropsis Lewis. 

The ovipositors of two species of this genus have been examined 
and found to be very similar. They are long, narrow and rodlike, 
about the same width for entire length, slightly curved, and narrow' 
only at the apex to an obtuse point. The two valves of the pair are 
not identical us to length, shape 4 of tip, and teeth found at tip. The 
toothed area occupies only a small part of the length at the apex. 
The teeth are few in number, rather large, rounded, and may or 
may not bear secondary teeth. The tip is notched with small teeth 
in both species. The duets are elongate, conspicuous, few in num¬ 
ber, and located only* apieallv. 

Macropms midis (Fitch). 

* PI xxvi, 1.) 

Length, 2.3 mm.: greatest width, 0.05 mm. Very long, narrow, rodlike, 
about the same width for entire length, the two valves of the pair are not 
identical m length, shape of tip, and teeth found at tip; slightly curved, nar- 
iows at apex to obtuse point, rather heavily ehitimzed, strengthening rod 
extends eaudad as far as second dorsal tooth. Toothed area occupies but it 
small portion at the apex, the longer valve bears two large teeth on its dorsal 
edge and eleven small, inconspicuous teeth along its ventral edge, the shorten 
valve bears three large teeth along its dorsal edge and eleven small teeth 
along its ventral edge*, none of these teeth bear secondary teeth; the extreme 
apex of the longer valve is entirely devoid of teeth, while the ventral teeth 
of the shorter valve extend to the apex, ducts are conspicuous, few in num¬ 
ber, elongate, ail opening apically, two to four openings visible. 

Macropsis suturalis (Osborn and Ball). 

(PI. XXVI, fig. 2 ) 

Length, 2.1 mm,; greatest width, 0.05 nun. Very long, narrow, rodlike, 
about the same width for entire length; the two valves of the pair are not 
identical, but differ in length, shape of tip, and teeth at tip; slightly curved, 
narrows at tip to an obtuse }x>int, chitiuization moderately heavy, some¬ 
what lighter than in M . viridin; strengthening rod extends eaudad as far as 
fifth dorsal tooth. Toothed area includes only the apical portion; the longer 
valve bears on its dorsal edge two ‘large, heavily chitinized teeth at the tip 
and three large, somewhat less heavily chitinized teeth back from the tip; 
on its ventral edge are seventeen small teeth which are continuous around 
the tip; the shorter valve bears three large, heavily chitinized teeth at the 
tip, three less heavily chitinized teeth back from the tip, both groups being 
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on the dorsal edge, and thirteen .small teeth on the ventral and apical edges; 
the three large teeth at the apex of the shorter valve bear small secondary 
teeth; the ducts are conspicuous, few in number, all located at the apex, six 
to seven openings visible. 

Oncopsis distinctus (Van Duzee). 

(PI. XXVI, fig. 3.) 

Length, 1.5 mm.; greatest width, 0.08 mm. Long, narrow, rodlike, about 
the same width for entire length; the two valves of the pair are not identical, 
but differ in length, shape of tip, and teeth found at tip; slightly curved, 
narrow at apex to obtuse point, heavily chitinized; strengthening rod ex¬ 
tends caudad as far as the second dorsal tooth. Toothed area on dorsal edge 
occupies only the apical portion of the valve; the longer valve bears two large, 
heavily chitinized teeth on the dorsal edge and fourteen small, inconspicuous 
teeth on the central edge, and the shorter valve bears two large, heavily 
chitinized teeth on the dorsal edge and fourteen small, inconspicuous teeth 
on its ventral and apical edges; none of the teeth bear secondary teeth; the 
ducts are conspicuous, elongate, few in number; five to six open apically, 
and others are scattered along the basal rod of iho valve and open dorsally. 

Genus Bythoscopus Germar. 

The ovipositors of two species of this genus have been examined 
and found to be similar. They are about the same width for the 
entire length; slightly though distinctly curved, narrow abrutly near 
the apex, and end in a rounded extreme apex. The teeth on the 
dorsal edge occupy about a third of the apical length, are numerous, 
small, irregular, and bear no secondary teeth. There are teeth on 
the ventral edge of tip in both species. The ducts are conspicuous, 
elongate, rather few in number. In both species there is present on 
the dorsal edge about midway of the valve an elongate, distinct, 
heavily chitinized connection between the two valves of the pair. 

Bythoficopm apicalix (Osborn and Ball). 

(PI. XXV, fi* 10 ) 

Length, 1.53 mm.; greatest width, 0.14 mm. The apical portion is slightly 
wider than the basal portion, distinctly curved; the valve narrows from a 
point about six-sevenths of its entire length to the tip, extreme apex rounded, 
chitinization moderately heavy; strengthening rod extends caudad to within 
six dorsal teeth from the apex. Toothed area on the dorsal edge occupies a 
little more than the apical third of the length; teeth numerous, very small 
and inconspicuous, flatly rounded, irregular in shape and size, unevenly 
spaced; bear no secondary teeth; the ventral edge of the tip bears a few in¬ 
conspicuous teeth; ducts conspicuous, comparatively few in number, one group 
opens apically, and another group along the basal rod of the valve about mid¬ 
way; the two valves of the pair are joined one to the other by a distinct, 
elongate, chitinized connection present on the dorsal edge about midway of 
the valve, this connection bearing an angular tooth near its caudal extremity. 
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Bythoscopus miscellug (Stal). 

0PL XXV, fig. 11.) 

Length, 1.27 mm.; greatest width, 0.08 mm. About the same width for 
entire length; distinctly curved, tip narrowed abruptly from a slight promi¬ 
nence on the dorsal edge about eight-ninths o i the length to a broadly rounded 
extreme apex; chitinization medium heavy, somewhat lighter than in B. 
apicalis ; strengthening rod extends caudad as far as fourteenth dorsal tooth 
from the apex Toothed area on dorsal edge occupies a little less than the 
apical third; teeth numerous, small, rather sharply pointed, irregular, un¬ 
evenly spaced; bear no secondary teeth; the tip is notched with teeth which 
are continuous around the tip, ten to eleven on the ventral edge; ducts con¬ 
spicuous, elongate, few in number; one group opens apically, another at the 
basal end of the toothed area, and another in the basal rod about midway; 
the two valves of the pair are joined one to the other by a distinct, elongate, 
chitmized connection present on the dorsal edge about midway. 

St bf\mily CIOADELLIKiE VanDuzee. 

Genus Oncomf/iopia Stal. 

The ovipositor^ of two species of this genus have been examined 
and found to be similar, though having some very distinct differ¬ 
ences. The ovipositor of 0 . vndata more closely resembles the 
ovipositor of Homalodisca triquetra than it does the ovipositor of 
0 . laterals. In the ovipositors of this genus we find a narrow, 
curved, rodlike basal attachment, and a broad, flat, apical shaft 
bearing teeth along its dorsal edge, and a preapical prominence on 
its ventral edge. The primary teeth in oat h case bear secondary 
teeth. The tip is not (died with small teeth on both edges; the ducts 
are conspicuous elongate, numerous, and distinctly curved. 

Oncomitopia undata (Fabriciusd. 

CPI. XXU, fig 3; pi. XXM, f«« 4 ) 

Length of toothed area, 1.8 mm.; greatest width, 0.27 mm. Narrow and 
rodhke at base, widens beyond base into flat, broad apical shaft, which is 
about the same width for entire length and tapers only at the apex; pre¬ 
apical prominence present, conspicuous, broadly rounded; apical shaft slightly 
curved, tip broadly rounded, chitinization medium; strengthening rod extends 
caudad as far as last dorsal tooth. Toothed area on dorsal edge occupies 
entire length of broadened shaft; teeth thirty-one to thirty-two m number, 
of medium size, of a general triangular shaj>e with the caudal side much 
longer than the cephalic side; apices rounded, regular, evenly spaced, more 
heavily chitinized than the rest of the valve; possess secondary teeth on both 
caudal and cephalic edges, one to four on cephalic edge and two to five on 
caudal edge, those on the caudal edge much larger than those on the cephalic 
edge; tip notched with small teeth on both dorsal and ventral edges, not con¬ 
tinuous around the tip, fifteen teeth present on ventral edge between preapical 
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prominence and extreme apex; duets conspicuous, decidedly curved, numerous, 
most numerous apically; open apically and along dorsal edge in and near 
teeth, one to three to each tooth. 

Oncometopia lateralis (Fabricius). 

(PI XXII, fig. 4; pi. XXVI, fig. fi.) 

Length 1.66 mm.; greatest width, 0 2 mm. Narrow and rodlike at the base, 
widens beyond base into broad, flat apical shaft, which tapers very slightly 
toward apex; preapical prominence present, rather indistinct, broadly rounded; 
only very slightly curved beyond the base, tip broadly rounded, chitinization 
medium, strengthening rod extends caudad as far as last dorsal tooth. Toothed 
area on dorsal edge occupies the entire length of the apical shaft; teeth eigh¬ 
teen to twenty in number, large, subquadrate in shape with the cephalic side 
longer than the caudal and bearing a smoothly rounded prominence, regular, 
evenly spaced, more heavily chitmized than the rest of the valve and have 
the appearance of being set into the rest of the valve; bear secondary teeth, 
seven to fifteen on the broad outer edge and four to eight on the cephalic 
side, those on the outer edge larger than those on the cephalic side; the tip 
is notched with small teeth on both dorsal and ventral edges, not continuous 
around the tip, twenty-one teeth between preapical prominence and extreme 
apex; ducts conspicuous, elongate, distinctly curved, numerous, most numerous 
apically; open apically, along the dorsal edge in and near teeth, two to four to 
each tooth; first three teeth not served with ductb. 

HomalodUca triqiwtra (Fabrieus). 

(PI XXII, fig 5, i>l XXU, hg «) 

Length. 2.6 ram ; greatest‘width. 0.33 mm. Narrow and rodlike at base, 
widens beyond base into broad, flat portion, which is about the same width 
for entire length, narrowing only at apex; preapical prominence present, 
distinct, broadly rounded; uncurved beyond base, extreme apex broadly 
rounded, chitinization medium; strengthening rod extends caudad as far as 
third dorsal tooth from the apex. Toothed area on dorsal edge occupies the 
entire length of the apical shaft; teeth forty-four to forty-five m number, 
medium in size, of a general triangular shape with the caudal side longer than 
the cephalic, regular in size and shape, evenly spaced, more heavily chitinized 
than the rest of the valve; bear secondary teeth, three to seven on the cephalic 
edge and five to nine on the caudal edge; those on the caudal edge are larger 
than those on the cephalic edge; tip notched with small teeth on both dorsal 
and ventral edges, not continuous around the tip, ducts conspicuous, numerous, 
slightly curved, most numerous apically; open apically along the dorsal edge 
in and near teeth, two to five to each tooth; the first six teeth not served by 
ducts. 

Aulacizes irrorata (Fabricius). 

(PI. XXII, fig. 6; pi. XXVI, fig. 7.) 

Length, 2.9 mm.; greatest, width, 0.44 mm. Narrow and rodlike at the base, 
widens beyond base into broad, flat, apical shaft; reaches point of greatest 
width about two-fifths of length and from that point tapers gradually to the 
tip; preapical prominence present, conspicuous, obtuse-angled; not curved 
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beyond curved basal attachment; tip bluntly rounded, chitinization medium; 
strengthening rod extends caudad as far as third dorsal tooth from apex. 
Toothed area on dorsal edge occupies the entire length of the apical shaft; 
teeth forty-one to forty-three in number, rather small, in the shape of a flat¬ 
tened isosceleR triangle, regular in size and shape, evenly spaced; the first 
twelve teeth bear no secondary teeth; the teeth caudad of the first twelve teeth 
bear four to ten secondary teeth on the caudal side; tip notched with small 
teeth on both dorsal and ventral edges, not continuous around the tip; thirty- 
five to thirty-seven teeth on ventral edge between preapical prominence and 
extreme apex; ducts conspicuous, elongate, rather narrow, curving, numerous, 
most- numerous apieally; open apically, along dorsal edge, near but not in 
teeth, and in face of valve back from edge; the first twelve teeth are not 
served by ducts. 

Genus Cicadella Latreille. 

The ovipositors of two species of this genus have been examined 
and found to be similar. In each case the ovipositor consists of a 
narrow, curved basal attachment and a wider apical shaft which 
bears teeth along its dorsal edge, in turn bearing secondary teeth. 
A preapical prominence is present in one species, absent in the other. 
The tip is notched on both dorsal and ventral edges. The duets 
are rather inconspicuous, elongate, rather few in number, and dis¬ 
tinctly curved. 

Cicadella hivroglyphica (Say). 

(Pi. XXII, fijic. 7, pi. XXVI, fit;, fl.) 

Length, 1.66 mm.; greatest width. 0.13 mm. Curved basal attachment nar¬ 
row and rodlike; apical portion consists of a broad, flat shaft, about the same 
width for entire length, tapering only at apex, preapical prominence present 
on the ventral edge, obtuse-angled; only slightly curved; apex greatly nar¬ 
rowed and acutely pointed, very lightly ehit.inized; strengthening rod ex¬ 
tends caudad as far as last dorsal tooth. Toothed area on dorsal edge occu¬ 
pies the entire length of the apical shaft; teeth seventeen to eighteen m num¬ 
ber, medium in size, somewhat triangular with the apex flattened and the 
caudal side slightly longer than the cephalic, regular in size and shape, evenly 
spaced, more heavily chitinized than the rest of the valve; bear a large num¬ 
ber of small, irregular, secondary teeth on both edges; tip notched with small 
teeth on both edges; a large number of very small teeth occur between the 
tip of the preapical prominence and the extreme apex; ducts rather incon¬ 
spicuous, few in number greatly curved; open apically, along dorsal edge in 
and near teeth, and a few in the face of the valve back from the edge. 

Cicadella circellata (Baker). 

(PI. XXII, fig. 8; pi. XXVI, fig 8.) 

Length, 1.6 mm.; greatest width, 0.09 mm. Apical, flattened portion only 
slightly wider than basal portion; preapical prominence wanting; only slightly 
curved, tip greatly narrowed but rounded at extreme apex, chitinization 
rather light but heavier than in C. hieroglyphicn; strengthening rod extends 
caudad as far as and beyond last dorsal tooth. Toothed area on dorsal edge 
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occupies nearly all of broadened area or about half the total length; teeth 
thirteen in number, rather small, in the general shape of a greatly Rattened 
obtuse triangle with the caudal side much longer than the cephalic, regular 
in spacing; bear secondary teeth on both edges, five to eight on caudal edge 
and one to two on cephalic edge, those on the caudal edge are much the 
larger; tip notched with small teeth on both dorsal and ventral edges, not con¬ 
tinuous around the tip, twenty present on ventral edge; ducts rather incon¬ 
spicuous, though more conspicuous than in C. hieroglyphica, elongate, few in 
number, distinctly curved; open apically, along dorsal edge in and near teeth, 
and in face of valve back from edge. 

Genus Kolla Distant. 

The ovipositors of three species of this genus have been examined 
and found to be similar. In each case the ovipositor consists of a 
curved, narrow, rodlike basal attachment and a broader, flat, apical 
shaft bearing teeth along its dorsal edge. The teeth are triangular 
in shape and bear small secondary teeth along their caudal sides. 
The tip is notched in each case with small teeth present on both 
edges, but not continuous around the tip. The ducts may or may 
not be visible; when visible they are elongate, rather straight, and 
few in number. 

Kolla bifida (Say). 

(PI. XXII, fig. 13; pi. XXVIII, fig 3) 

Length, 1.5 mm.; greatest width, 0.22 mm. Basal connection narrow and 
rodlike; apical shaft broad, flat, ^narrowing gradually to the apex; no proapical 
prominence; only very slightly curved beyond curved basal attachment; apex 
narrowed with extreme apex rounded, only light!}' chitmized; strengthening 
rod extends caudad as far as and beyond last apical tooth. Toothed area on 
dorsal edge occupies entire length of apical shaft and more than two-thirds of 
the entire length; teeth fourteen in number, medium in size, m the general 
shape of a greatly flattened obtuse triangle with flie caudal edge much longer 
than the cephalic and the apex rounded, not distinctly more heavily chitinized 
than the rest of the valve; bear small secondary teeth along the caudal edge 
only, seven to twenty-one on each tooth; the tip is notched with small teeth 
on both dorsal and ventral edges, not continuous around the tip, fourteen to 
fifteen on ventral edge; ducts inconspicuous, only apices and circular open¬ 
ings visible; open apically, along the dorsal edge m and near teeth, and a few 
m the face of the valve back from the edge. 

Kolla gcometrica (Signoret). 

* (Pi. XXVIII, fig. 2.) 

Length, 1.17 mm.; greatest width, 0.17 min. Basal portion narrow and rod- 
hke; apical shaft broad, flat, tapers to apex; no preapical prominence; not 
curved beyond base; tip greatly narrowed with extreme apex rounded bluntly; 
ehitmization light though somewhat heavier than in K. bifida; strengthening 
rod extends caudad as far as last dorsal tooth. Toothed area on dorsal 
edge occupies entire length of broadened shaft; teeth seventeen to nineteen in 
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number, rather small, in the general shape of a greatly flattened obtuse tri¬ 
angle with the caudal side much longer than the cephalic and the apex rounded, 
rather irregular in size and spacing, slightly more heavily chitinized than the 
rest of the valve; bear secondary teeth along the caudal edge only, four to 
fourteen on each tooth; tip notched with teeth on both dorsal and ventral 
edges, not continuous around the tip, thirteen to fifteen on ventral edge; ducts 
easily visible for entire length, comparatively few in number, straight, more 
numerous apically; open apically, along dorsal edge in and near teeth, and m 
the face of valve back from edge. 

Kolia hartii (Ball). 

(PI. XXII, fig. 14; pi. XXVIII, fig. 1.) 

Length, 1.4 mm.; greatest width, 0.22 mm. Basal portion narrow and rod- 
hke; apical shaft broad and flat, tapers towards apex; no preapical promi¬ 
nence; not curved beyond base, tip greatly narrowed, extreme apex smoothly 
rounded, lightly chitinized; strengthening rod extends caudad beyond last 
dorail tooth. Toothed area on dorsal edge occupies entire length of apical 
shaft; teeth seventeen in number, medium in size, in the shape of an obtuse 
mangle, though not so flat as m K. bifida and A. geometrica; caudal edge 
somewhat longer than cephalic edge, rather irregular in size and spacing, not 
more heavily chitinized than the rest of the valve; possess small secondary 
tooth on the caudal edge of each primary tooth, eight to seventeen to each 
tooth; tip notched with small teeth on both dorsal and ventral edges, not con¬ 
tinuous around tip, twenty-three on ventral edge; ducts more conspicuous than 
in K, bifida, less conspicuous than in A. geometrica; bases and apices visible 
but middle portions invisible; open apically, along dorsal edge m and near 
teeth, and in face of valve back from edge. 

Helochara communis Fitch. 

(Pt. XXII, hg, 10; pi. XXVII, U g 5 ) 

Length, 1.44 mm.; greatest width, 0.22 mm. Basal portion narrow and 
curved, apical shaft broad and flat, about the same width for entire length, 
tapers toward tip; bears no preapical prominence; not curved beyond the 
base, tip greatly narrowed, with the extreme apex ending in an obtuse point, 
chitinization medium; strengthening rod extends caudad to a point midway 
between the last dorsal tooth and the tip. Toothed area on dorsal edge oc¬ 
cupies the entire length of the apical shaft, nearly the entire length of the 
valve; teeth thirty in number, rather large, the first fourteen of a general 
triangular shape, apical sixteen subquadrate with the cephalic side longer than 
the caudal, rather irregular in size, shape, and spacing; basal fourteen primary 
teeth bear small secondary teeth on the two exposed sides of the triangle; 
apical sixteen primary teeth also bear secondary teeth on the outer margin, 
three to fourteen in number; tip is notched with small teeth on both dorsal 
and ventral edges, not continuous around the tip, forty-six present on ventral 
edge; ducts conspicuous* rather numerous, elongate, rather straight, occupy 
entire shaft; open apically, along dorsal edge in and near teeth, and in face 
of valve back from edge. 
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Graphocephala coccinea (Forster). 

(PI. XXII, fig. 0; pi. XXVIII, fig. 4.) 

Length, 1.87 mm.; greatest width, 0.22 mm. Basal portion narrow and rod¬ 
like, apical shaft broad and flat, about the same width for entire length; pre¬ 
ap i cal prominence present, distinct, obtuse-angled; not curved beyond base, 
tip greatly narrowed and ending in a rather blunt point, chitinization light; 
strengthening rod extends caudad beyond last dorsal tooth. Toothed area on 
dorsal edge occupies entire length of apical shaft; teeth nineteen in number, 
medium in size, of a general triangular shape with the caudal side longer than 
the cephalic, regular in size and shape, distinctly more heavily chitinized than 
the rest of the valve; bear small secondary teeth on both edges, three to six 
on cephalic edge and eight to seventeen on caudal edge; tip notched with 
small teeth on both dorsal and ventral edges, not continuous around the tip, 
forty-five between preapieal prominence and extreme apex; ducts easily vis¬ 
ible though not conspicuous, elongate, rather few in number, cunod, most 
numerous apieally; open apicallv, along dorsal edge in teeth, one to two to 
each tooth, and a few in the face of \alve back from edge 

Genus Dr^culacephala Ball. 

The ovipositors of three species of this genus have been examined 
and found to be similar. The ovipositor of Hdochara communia 
also shows its close relationship to this genus. In each ease the ovi¬ 
positor consists of a curved, rodlike basal attachment and a broad, 
flat, apical shaft which bears teeth along its dorsal edge for the en¬ 
tire length. The distal tcety arc triangular and the apical teeth sub¬ 
quadrate. Both types of teeth bear small secondary teeth. The tip 
in every case is notched with small teeth on both dorsal and ventral 
edges, not continuous around the tip. The ducts may or may not 
be conspicuous, but where visible are elongate, numerous and curved. 

■ Drwcalacvphala mollipex (Say). 

(PI. XXII, fig. 11; pi XXVII, fig. 2 ) 

Length, 2.1 mm.; greatest width. 0.33 mm. Ba«al portion narrow and rod- 
like. apical shaft broad and flat, about the Mime width for entire tongth, nar¬ 
rowing caudad to apex; preapieal prominence wanting; not curved beyond 
base, tip greatly narrowed by curving ventral edge and ends in an obtuse point, 
chitinization moderately heavy; strengthening rod extends caudad to a point 
midway between last dorsal tooth and upex. Toothed area on dorsal edge 
occupies entire length on apical shaft; teeth twenty-eight in number, large, 
basal nine of a general triangular shape, apical nineteen subqimdrate with 
the cephalic side longer than the caudal, rather irregular in size, shape and 
spacing; the basal nine bear small secondary teeth on both cephalic and 
caudal edges; the apical subquadrate teeth also bear secondary teeth, seven 
to seventeen on the outer edge and all except the apical five bear secondary 
teeth along the cephalic edge, one to six in number; tip is notched with small 
teeth on both dorsal and ventral edges, not continuous around the tip, forty- 
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two on the ventral edge; ducts conspicuous, rather numerous, elongate, slightly 
curved, most numerous apically; open apically, along dorsal edge in and near 
teeth, and in the surface of the valve hack from edge. 

Dmndaccphala noveboracemis (Fitch). 

(PI. XXVII, fig. 1.) 

Length, 2.65 mm ; greatest width, 033 nun. Narrow and rodlike at base, 
broad and flat apically, apical shaft about the* same width for entire length; 
preapieal prominence wanting; only slightly curved beyond base, tip greatly 
narrowed by slightly curving dorsal edge and greatly curving ventral edge 
and ends m a rather sharp point, chitimzation light, much lighter than in the 
other members of this genus examined; strengthening rod extends eaudatl to 
a point midway between last dorsal tooth and apex. Toothed area on dorsal 
edge occupies entire length of apical shaft, the dorsal edge bearing the teeth 
more heavily elntinized than the rest of the valve; teeth thirty-nine to forty- 
om* m number, of medium size, the basal sixteen of a general triangular shape, 
the apical twenty-throe subquadrate with the cephalic side longer than the 
caudal, rather irregular m size, shape, and spacing; the basal triangular teeth 
bear small secondary teeth on both dorsal and ventral edges; the apical sub¬ 
quadrate teeth bear three to twelve secondary teeth on the outer edge and 
two to five on the cephalic edge; the secondary teeth midway of the valve 
art* very small and indistinct; tip notched with small teeth on both dorsal 
and ventral edges, not continuous around the tip. forty-five present on the 
ventral edge; ducts inconspicuous, very faintly visible except at openings, 
rather numerous, most numerous apically; open apically, along dorsal edge 
in and near teeth, and in surface of valve back from edge. 

DmculaeephaUi reticulata (Signoretl 

(PI XXII, fig. 12; pi XXVII, fig. 3.) 

Length. 1.75 nun.; greatest width, 0.27 mm. Basal portion narrow and rod- 
hke, apical portion broad, flat, about the same width for entire length, nar¬ 
rows at apex; preapieal prominence wanting; not curved beyond curved basal 
attachment, tip greatly narrowed by slightly curved dorsal edge and greatly 
curved ventral edge, ends in obtuse point, chitimzation medium, less heavy 
than in l). novrbornvnms and heavier than in /). nwlUpes; strengthening rod 
extends caudad to a point midway between last dorsal tooth and apex. 
Toothed area on dorsal edge occupies apical shaft for entire length; teeth 
twenty-six to twenty-eight in number, rather large, basal eleven of a general 
triangular shape, apical fifteen subquadrate with the cephalic side longer 
than the caudal, rather irregular in size, shape and spacing; basal eleven bear 
small secondary teeth on both edges; apical subquadrate teeth also bear sec¬ 
ondary teeth, three to eleven on the outer edge and, with the exception of 
the apical three, one to five on the cephalic edge; tip notched with small 
teeth on both dorsal and ventral edges, not continuous around the tip, 42 pres¬ 
ent on the ventral edge; duct# conspicuous, rather straight, numerous, most 
numerous apically; open apically, along dorsal edge in and near teeth, and a 
lew in the face of valve back from edge. 
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Pagaronia tripunctata (Fitch). 

(PL XXVH, fig. 6.) 

Length, 1.5 mm.; greatest width, 0.17 mm. Narrow and rodlike at base, 
apical shaft broad and flat, about the same width for entire length, narrows 
caudad to apex; preapical prominence wanting; not curved beyond base, tip 
narrowed, bluntly rounded at extreme apex, chitinization light; strengthening 
rod extends caudad as far as last dorsal tooth. Toothed area on dorsal edge 
occupies entire length of apical shaft, dorsal edge bearing teeth is more heavily 
chitinizcd than the rest of the valve; teeth seventeen to twenty in number, 
medium in size, in the shape of a flattened obtuse triangle with the caudal 
side much longer than the cephalic, irregular in size, shape and spacing; bear 
secondary teeth on both outer edges, three to ten on cephalic edge and three to 
twenty-five on the caudal edge; tip notched with small teeth on both doreal 
and ventral edges, not continuous around the tip, 30 present on ventral edge; 
ducts conspicuous, rathtT numerous, only slightly curved, most numerous 
apieally; open apically, along dorsal edge in and near teeth, and a few in the 
surface of valve back from edge. 

Errhomenellus montanus Baker. 

(PL XXVII, fig. 4.) 

Length, 2.83 rum.; greatest width, 0.22 mm. About the same width for en¬ 
tire length; preapical prominence present, rather indistinct, broadly rounded; 
only slightly curved beyond curved basal attachment, tip greatly narrowed 
with the extreme apex rounded, chitinization medium; strengthening rod ex¬ 
tends caudad as far as fourth dorsal tooth. Toothed area on dorsal edge oc¬ 
cupies less than a fourth of the entire length apically; teeth seven to eight in 
number, small, inconspicuous* rounded, regular in size and shape, rather far 
apart, uneven in spacing, bear no secondary teeth; tip bears no teeth; no dis¬ 
tinct ducts visible, circular openings plainly visible, of these a number occur 
on the ventral apical edge, some at the extreme apex, and also along the en¬ 
tire dorsal edge. 

Subfamily GYPONINjE (Stal). 

Genus Gypona Germar. 

The ovipositors of four species of this genus have been examined 
and found to be similar. The ovipositor of Xerophlcea liridis , the 
only other species of this subfamily examined, is not similar to the 
ovipositors of the genus Gypona. In this genus the ovipositor is 
relatively short, stout and broad, usually being rather heavily chi- 
tinized. The apical portion is not much, if any, wider than the basal 
portion. Teeth are present along the dorsal edge for from one- 
fourth to one-half the apical length. The tip may or may not bear 
teeth on one or both edges. The ducts in every case are conspicuous, 
large, elongate and numerous. 



Readio: Ovipositors of Cicadelliix®. 


237 


Gypona octo-lineata (Say). 

(PI. XXIII, fig. 1; pi. XXVIII, fig. 8.) 

Length, 2 min.; greatest width, 0.48 mm. Consists of a rather narrow basal 
portion, which widens out into a broad, apical portion, which narrows caudad 
to the apex, point of greatest width about midway; no preapical prominence; 
slightly curved, tip greatly narrowed with the extreme apex broadly rounded, 
chitinization moderately heavy; strengthening rod extends caudad almost to 
apex. Toothed area on dorsal edge occupies about a half of the apical length; 
teeth numerous, rather small, rounded, irregular in size, shape and spacing; 
bear no seeondaiy teeth; tip bears small teeth on both dorsal and ventral 
edges, not continuous around the tip, thirteen on ventral edge; ducts con¬ 
spicuous, large, numerous, apparently arising from a common cavity m the 
center of the valve, most numerous at the tip; open along ventral apical edge, 
at extreme apex, and along the dorsal edge for the entire length, though very 
few in basal region. 

Gypona bimaculata Spangberg. 

(PI. XXVIII, fig. 5.) 

Length, 3.17 mm.; greatest width, 0.42 mm. About the same width for en¬ 
tire length, bears a broadly rounded, heavily chitinized prominence on the dor¬ 
sal edge somewhat less than midway of the length, tapers caudad toward apex; 
slightly curved, tip gradually narrowed, ending in a blunt point, chitinization 
lieaw, much heavier than in G. octo-lincata; strengthening rod extends caudad 
almost to apex. Toothed area on dorsal edge occupies about one-third of 
apical length; teeth numerous, rather small, rounding, irregular m size and 
shape; bear no secondary teeth; tip notched on dorsal edge and at extreme 
apex with small teeth, none present on ventral edge; ducts conspicuous, very 
large, rather straight; open apically and along dorsal and ventral edges for 
the length of the toothed area, a few also open in the basal region. 

Gypona angvlata Spangberg. 

(PI. XXVItl, fig. c.) , 

Length, 1.75 mm.; greatest width, 0.35 mm. Apical portion somewhat wider 
than basal, point of greatest width about midway, tapers caudad to apex; 
only slightly curved, tip gradually narrowed with the extreme apex rounded, 
chitinization moderately heavy; strengthening rod extends caudad to within 
a short distance of tip. Toothed area extends from the prominence on the 
dorsal edge to the apex; teeth numerous, small and indistinct, rather flatly 
rounded, very irregular in size,' shape and spacing; bear no secondary teeth; 
no teeth on tip; ducts conspicuous, large, numerous, broadly curving, most 
numerous apically; open apically, along ventral apical edge, along dorsal 
edge of toothed area, and a few in the basal portion of the valve. 

Gypona pectoralis Spangberg. 

(PI. XXVIII, fig. 7.) 

Length, 1.83 mm.; greatest width, 0.42 mm. Very broad and heavy for 
entire length, point of greatest width about midway, where there is a broadly 
rounded prominence on the dorsal edge, narrows caudad to apex; slightly 
curved, tip greatly narrowed with extreme apex rounded, chitinization very 
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heavy; strengthening rod extends caudad almost to apex. Toothed area on 
dorsal edge occupies about a fourth of the apical length; teeth very few in 
number, small, flat, somewhat rounded, very irregular in size, shape and 
spacing, bear no secondary teeth; no teeth present at extreme apex; ducts 
conspicuous, large, somewhat branching, more numerous apically; open 
apically, along ventral apical edge, and along dorsal for entire length, 

Xcrophkm viridis (FabrieiusK 

(PI. XXIII. fig. 2; PI. XXIX, fig 2.) 

Length, 2.88 mm.; greatest width, 0.08 mm. Narrow and rodlike, about the 
same width for entire length; distinctly curved, tip bluntly rounded, chitmiza- 
tion medium; strengthening rod extends caudad as far as twentieth dorsal tooth. 
Toothed area on dorsal edge occupies a little less than the apical third; teeth 
twenty-four in number, medium in size, rounded, regular in size and shape, 
the apical four are farther apart than the basal twenty; the apical three bear 
one to three secondary teeth on the caudal edge; tip notched with small teeth 
on both dorsal and ventral edge, not continuous around the tip, twelve to 
ihirteen on ventral edge; ducts conspicuous, relatively few m number, most 
numerous at apex; open apically and along entire dorsal edge. e\on m basal 
portion. 

Subfamily JASSIN^E (Amvot tmd Serville). 

Tribe Auucephalinj (Dohrn). 

Stroggylocephalus agrestic (Fallen). 

(PI XXIX. fig 3 ) 

Length, 1.88 mm.; greatest width. 0.17 mm. Cunod base rather narrow 
and rod like, rather broad and flat beyond base, about the same width for 
entire length, tapers gradually toward apex; curved at base of broadened area, 
lip greatly narrowed with extreme apex narrowly rounded, clntmization rather 
light, strengthening rod extends caudad as far as sixth dorsal tooth from apex. 
Toothed area on dorsal edge occupies a little less than half the entire length, 
teeth twenty-six to twenty-eight in number, rather small, of a general tri¬ 
angular shape, some rounded anti some sharply pointed, very irregular m size, 
shape and sparing; bear no secondary teeth; tip notched with a few small, 
indistinct, irregular teeth on the ventral edge only; ducts conspicuous, elongate; 
open along central apical edge, at extreme apex, and along entire dorsal edge; 
the two valve's of the pair are joined one to the other by a distinct, elongate, 
heavily clutinized connection present on the dorsal edge near the base of the 
broadened area. 

Mvmnoma comobrina Ball. 

(Pi. xxix, fig. ;>) 

Length, 2.2 mm.; greatest width, 0.25 mm. Curved basal attachment nar¬ 
row and rodlike, beyond base is a rather narrow, lightly chitinized area ex¬ 
tending caudad for about a third of the length; caudad of this is a broader, 
more heavily chitmized portion occupying the rest of the valve; narrows 
rather abruptly caudad to apex; only slightly curved beyond base, tip greatly 
narrowed by broadly curving dorsal edge; extreme apex ends in sharp, acute- 
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angled point, chitinization moderately light; strengthening rod extends caudad 
almost to apex. There are no evidences of distinct teeth, though the margin 
is irregularly roughened in several places; area of duets conspicuous, granular 
in appearance, circular duct openings visible; open along ventral apical edge, 
at extreme apex, and along dorsal edge for entire length. 

Xcstocephalv# puli car i us Van Duzee. 

(PI XXIII, fig 8; pi. XXIX. fig J.) 

Length, 0.88 nun.; greatest width, 0.08 mm. Curved basal attachment 
narrow and rodlike, rest, of valve about the same width for entire length; 
preapical prominence on ventral edge present, distinct, obtuse angled, giv¬ 
ing the apical portion of the valve the appearance of a spear head; tip 
narrowed abruptly beyond preapical prominence; very distinctly, broadly 
and evenly curved; tip greatly narrowed, ending in sharply pointed ex¬ 
treme apex, chitinization medium; strengthening rod extends caudad to 
within a short distance of extreme apex; dorsal edge of tip bears an indistinct 
notch where rod meets dorsal edge. Toothed area on dorsal edge occupies 
the apical three-fourths of the length; teeth fourteen to fifteen m number, 
small, indistinct, rather megular in size, shape and spacing, especially basally; 
bear no secondary teeth; tip bears no teeth, ducts rather inconspicuous though 
plainly visible, rather few; open in preapical prominence, at extreme apex, 
and along entire dorsal edge; the two valves of the pair are joined one to 
the other by a distinct, elongate, narrow, heavily chitimzed connection present 
on the dorsal edge, this connection more liberally supplied with ducts than the 
portion of the valve immediately caudad of it. 

Tribe Jassini (I)ohrnl. 

Doryccphatus platyrhynchm Osborn. 

(PI XXIX, fig. 4 ) 

Length, 3.5 mm.; greatest width, 0.5 mm. Curved basal portion narrow 
and rodlike; at a point about a third of the length it widens into a broad, 
flat shaft which tapers slightly caudad; point of greatest width is a little less 
then midway; only slightly curved beyond base, tip greatly narrowed by 
rounding dorsal edge, extreme apex rounded, chitinization very light; strength¬ 
ening rod extends caudad to within a short distance of the extreme apex. 
There are no distinct teeth, though the ventral apical edge and the entire 
dorsal edge are slightly and irregularly roughened; area of ducts inconspicu¬ 
ous, no ducts visible, circular duct openings visible; a single row opens along 
the ventral apical edge, a single row along the dorsal apical edge, distad 
of these a double row, distad of the double row a triple row, and still further 
distad in the wider portion of the valve as many as four or five irregular rows 
open in the entire breadth of the valve. 

Hecaltis lineatm (Uhler). 

(PI. XXIX, fig. 8 ) 

Lenth, 4.1 mm.; greatest width, 0.43 mm. Curved basal portion narrow and 
rodlike, widens beyond base into broad, flat portion which tapers gradually 
caudad to apex, point of greatest width about two-fifths of length; only slightly 
curved beyond base, tip greatly narrowed, ending in sharp point, chitinization 
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moderately light; strengthening rod extends caudad to within a short distance 
of the apex.* No distinct teeth present, the ventral apical edge and the entire 
dorsal edge except at the apex are slightly and irregularly roughened; area of 
ducts conspicuous, granular in appearance, circular duct openings visible; open 
along ventral apical edge and along dorsal edge for entire length, in the basal 
region they open irregularly in the entire width of the valve. 

Spangbergiella mexicana Baker. 

(PI. XXIX, fig. 6.) 

Length, 1.9 mm., greatest width, 0.27 mm. Curved base narrow and rodlike, 
widens into broad, flat portion, about the same width for entire length, nar¬ 
rowing caudad to apex; bears two prominences, one on dorsal edge somewhat 
less than midway, and the other on the ventral edge about two-thirds the 
length, more angular; not curved.beyond the base, narrowed at tip evenly and 
gradually by both curving edges, ends in sharp point, chitinization medium; 
strengthening rod extends caudad almost to apex. Bears no teeth; area of 
ducts granular in appearance, circular openings very small and inconspicuous; 
open along ventral apical edge, at extreme apex, along dorsal edge, and in basal 
portion of valve. 

Parabolocratm fiavidus Signoret. 

(PI. XXIX, fig. 7.) 

Length, 2.3 mm.; greatest width, 0.27 nun. Curved base narrow and rodlike, 
widens gradually into broad, flat portion, about the same width for entire 
length, narrowing only at apex; bears two broadly rounded prominences, one 
on the dorsal edge about a third of the length, the other on the ventral edge 
about two-thirds the length; gnly slightly curved beyond base, tip gradually 
narrowed and ends in sharp point, chitinization medium; strengthening rod 
extends caudad to within a short, distance of the apex. Toothed only at ex¬ 
treme tip; teeth are continuous around the tip, of these six are on the dorsal 
edge and ten on the ventral edge; ducts inconspicuous, invisible except at ex¬ 
treme apices, circular openings visible; open along ventral apical edge, and 
along entire dorsal edge except in dorsal prominence. 

Aligia jucunda (Uhlor). 

(PI. XXIX, fig. n ) 

Length, 1.83 mm.; greatest width. 0.17 mm. Curved base narrow and rod- 
like, slightly wider beyond base for a little more than half the length; apical 
portion of valve widens abruptly, tapers caudad to apex; distinctly curved, tip 
narrowed by curved dorsal edge, extreme apex bluntly rounded, almost square, 
chitinization medium; strengthening rod extends caudad to within fourteen 
dorsal teeth of apex. Toothed area on dorsal edge occupies somewhat less than 
the apical half; teeth eighty-eight in number, very small, wedge-shaped, fairly 
regular in size, shape and spacing, bear small secondary teeth on outer edge, 
one to four in number; tip devoid of teeth on ventral and caudal edges; area 
of ducts conspicuous, granular in appearance, though a few elongate ducts are 
visible apically; ducts straight, numerous; open along ventral apical edge, at 
extreme apex, along dorsal edge of toothed area, and irregularly in the basal 
region. The two valves of the pair are joined one to the other by an elongate 
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connection only slightly more heavily chitinized than the rest of the valve, 
present on the dorsal edge in the basal region. 

Genus Mesamia Ball. 

Two species of this genus have been examined and found to be 
similar. In each case the ovipositor consists of a curved basal at¬ 
tachment, a somewhat wider portion that extends about to the mid¬ 
point, and an apical portion which bears teeth along its dorsal edge. 
A small preapical prominence is present on one of the two species. 
Some of the primary teeth, at least, bear secondary teeth. In one 
species the tip bears distinct teeth, in the other the tip is only irreg¬ 
ularly roughened. The area of ducts is granular in appearance and 
the duct openings are visible. The two valves of the pair are joined 
one to the other by an elongate, heavily chitinized connection pres¬ 
ent on the dorsal edge in i he basal region. * 

Mesamia straminea (Osborn). 

(PI. XXIX, fig. 9.) 

Length, 1.53 mm.; greatest width, 0.18 mm. Curved basal portion narrow 
and rodlike, beyond base is a wider, heavily chitinized area extending almost to 
the midpoint; the apical toothed area occupies the rest of the valve and it> 
slightly wider, less heavily chitinized, and tapers caudad to the apex; bears no 
preapical prominence; slightly, though distinctly curved, tip narrowly rounded, 
ehitmization moderately heavy; strengthening rod extends caudad as far as 
fourth dorsal tooth from the tip. Toothed area on dorsal edge occupies the 
apical half; about twenty-five primary teeth present, of medium size, very 
irregular as to size, shape and spacing; the apical ten are somewhat regular, 
long and flatly rounded and may or may not bear a few secondary’ teeth on the 
caudal edge, the teeth distad of these extremely irregular; the tip is irregularly 
roughened on both dorsal and ventral edges, but bears no distinct teeth; area 
of ducts granular in appearance, duct openings easily visible; open along ven¬ 
tral apical edge, at extreme apex, along dorsal edge of toothed area, and in the 
basal portion of the valve; the two valves of the pair are joined one to the 
other by a distinct, elongate, heavily chitinized connection present on the 
dorsal edge at about one-third the length; the apex is apparently strengthened 
by a straight, narrow rod that extends from the interior of the vaho to the 
extreme apex, occupying about the apical sixth of the length. 

Mesamia vitellina (Fitch). 

(PI. XXIII, H 7, 1*1 XXIX, I iff 1«) 

Length, 1.47 mm.; greatest width, 0 13 nun. Curved basal connection nar¬ 
row and rodlike, widens out into broader area, which is about the same width 
for entire length and toothed apically; a small preapical prominence is present 
on the ventral edge; distinctly curved, tip narrowed, narrowly rounded at ex¬ 
treme apex, ehitmization moderately heavy; strengthening rod extends caudad 
as far as fifth dorsal tooth from apex. Toothed area on dorsal edge occupies 
a little less than the apical half; teeth seventeen in number, rather small, in 
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the general shape of a greatly flattened obtuse triangle with a rounded apex, 
fairly regular in size, shape and spacing, those distad being very flat and in¬ 
distinct, bear small; numerous secondary teeth on both cephalic and caudal 
edges; tip notched with small teeth on both edges, not continuous around the 
tip, twelve to thirteen present between preapical prominence and apex, area 
of ducts granular in appearance, circular duct openings visible; open along 
ventral apical edge, at extreme apex, along dorsal edge of toothed area, and 
m basal portion of the valve; the two valves of the pair are joined one to the 
other by an elongate, distinct, heavily ehitinized connection present on the 
dorsal edge at a point a little more than one-third the length of the valve; the 
apex is apparently strengthened by a short, narrow rod which can be seen 
only at the extreme apex, much shorter and lighter than in M. straminca. 

Genus Scaphoideus Uhler. 

The ovipositors of two species of this genus have been examined. 
They do not resemble each other to the degree that is common be¬ 
tween two species of the same genus, though they have many points 
in common. In each case the ovipositor is about the same width for 
the entire length, narrows only at the apex, and bears no preapical 
prominence. The dorsal edge bears teeth along the apical two-fifths 
of its length, but these teeth differ in number, size, shape, and pos¬ 
session of secondary teeth in the tw r o species, the tip bears teeth in 
one species, none in the other; the area of duets is granular in ap¬ 
pearance and the duet openings are visible. The two valves of the 
pair are joined one to the other by an elongate, heavily ehitinized 
connection present on the dorsal edge about midway of the valve. 

{Scaphoidem sea laris Van Duzee. 

(PI. XXX, fit?. 1.) 

Length, 1.53 nun.; greatest width, 0.13 nun. Curved basal connection nar¬ 
row and rodhke, rest of valve about the same width for entire length, narrow¬ 
ing only at apex; bears no preapical prominence; slightly curved, tip narrowed, 
bluntly rounded at extreme apex, chitinization rather heavy; strengthening rod 
extends caudad almost to second dorsal tooth from apex. Toothed area on 
dorsal edge occupies a little more than the apical two-fifths of the length; 
teeth nine in number, rather large, broadly rounded, rather irregular in size, 
shape and spacing being farther apart basally; bear no secondary teeth; tip 
bears no teeth, ducts granular in appearance, circular duct openings visible; 
open along ventral apical edge, at extreme apex, along dorsal edge of toothed 
area, and irregularly in the basjil region where elongate ducts are visible; the 
two valves of the pair are joined one to the other by an elongate, heavily 
ehitinized connection present on the dorsal edge about midway of the valve; 
this connection occupies a little less than a third of the entire length and bears 
the first dorsal tooth. 
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Seaphoidew immistus (Say). 

(PI XXIII, fig 4; pi. XXX, fig. 2 ) 

Length, 1.77 mm.; greatest width, 0.11 mm. Narrow and rodlike at base, 
rest of valve somewhat broader, about the same width for entire length, nar¬ 
rows eaudad to apex; bears no preapieal prominence; distinctly cur\ed, tip 
greatly narrowed, extreme apex rounded, chitimzation moderately heaw; 
strengthening rod extends eaudad as far as fifth dorsal tooth from apex 
Toothed area on dorsal edge occupies a little less than the apical two-fifths 
of the length; teeth sixteen m number, rather small, rounded, rather irregular 
m size, shape and spacing being farther apart basally; may bear secondary on 
one or both edges, small secondary teeth also present on margin of valve be¬ 
tween primary teeth, general arrangement of secondary teeth very irregular; 
tip notched with small, irregular teeth on both edges, though more distinct on 
the \entral edge, not continuous around the tip, eight to nine present on the 
ventral edge; ducts partly granular and partly elongate, circular openings visi¬ 
ble . open along ventral apical edge, at extreme apex, along dorsal c*dge of 
toothed area, and irregularly m the basal region; the two valves of the pair 
are joined one to the other bv an elongate, heavily chitmized connection 
present on the dorsal edge about midway, occupies about two-fifths of length, 
bears one rounded tooth somewhat eaudad of the center. 

Genus Platymetopifs Burineister. 

The ovipositors of three members of this genus have been ex¬ 
amined and found to be similar. In each case the basal half is 
slightly narrower than the apical half, which bears teeth along its 
dorsal edge. A preapieal prominence may or may not be present. 
The primary teeth bear secondary teeth on both edges, more on the 
caudal than on the cephalic edge. In every ease the tip is notched 
with small teeth on both dorsal and ventral edges; these may or 
may not be continuous around the tip. The area of ducts may or 
may not be conspicuous, when visible is granular in appearance with 
the duct openings visible. The two valves of the pair are joined 
one to the other by a rather short, ehitinous connection present on 
the dorsal edge of the basal urea. 

Platymvtopius acutus (Say). 

(PI XXILI, file 6, pi XXX. fig 3) 

Length, 1.36 mm , greatest width, 0.17 mm. Curved basal connection nar¬ 
row and rodlike; beyond this is a somewhat wider portion extending nearly to 
midpoint, and apic&lly the toothed area, about the same width for entire 
length, narrowing only at apex, bears an indistinct, broadly angled preapieal 
prominence on the ventral edge; slightly though distinctly curved, tip nar¬ 
rowed and ending in a bluntly rounded extreme apex, chitinization light; 
strengthening rod extends eaudad as far as fifth dorsal tooth from apex. 
Toothed area on dorsal edge occupies the apical half of the valve; teeth 
twenty-seven in number, rather large; in the greater number of teeth the basal 
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edges of each tooth are more or less parallel and the apical edges taper, giving 
a gabled appearance to the tooth; the caudal edge is somewhat longer than 
the cephalic, fairly regular as to size, shape and spacing, though not entirely so; 
primary teeth bear small secondary teeth on caudal edge more commonly, 
and a few teeth also bear secondary teeth on the cephalie edge; tip notched 
with small teeth on both dorsal and ventral edges, continuous around the tip, 
nineteen present on ventral edge between preapical prominence and apex; 
area of ducts inconspicuous, the apices and circular openings alone being 
visible; open along ventral apical edge, at extreme apex, along dorsal edge of 
toothed area, and irregularly in the basal portion of the valve; the two valves 
of the pair are joined one to the other by an indistinct, chitinous connection 
present on the dorsal edge at about a third of the length. 

Platymetojnus cinereus Osborn. 

(PI. XXX, fig. 4.) 

Length, L13 mm.; greatest width, 0.13 mm. Curved basal connection nar¬ 
row and rodlike; a wider area extends almost to midpoint, a slighter wider 
apical portion occupies the rest of the valve; no preapical prominence; 
slightly curved, tip narrowed, ends m obtuse-angled point, chitinization mod¬ 
erately light; strengthening rod extends caudad as far as sixth dorsal tooth 
from apex. Toothed area on dorsal edge occupies a little more than the apical 
half; teeth twenty-three to twenty-four in number, moderately large, of a 
general triangular shape with the caudal side in most cases longer than the 
cephalic and with apices rounded, fairly regular in size, shape and spacing; 
bears small secondary teeth on caudal edge, three to eight in number, and a few 
of the teeth also bear a single secondary tooth on the ^ephalic edge; tip 
notched with small teeth on both dorsal and ventral edges, more numerous and 
distinct on ventral edge, not continuous around the tip, fourteen present on 
the ventral edge; ducts very inconspicuous, only a few being visible in the 
apex of the valve, apices of ducts and duct openings visible; open along ventral 
apical edge, at extreme apex, along dorsal edge of toothed area, and irregu¬ 
larly m the basal portion of the valve; the two valves of the pair are joined 
one to the other by a poorly defined, heavily chitiuized connection present on 
the dorsal edge at about one-third the length. 

Platymetopiw frontalis Van Duzee. 

(PI. XXIII, fig 0 ; pi. XXX, fig. G.) 

Length, 1.26 mm.; greatest width, 0.16 mm. Curved basal connection nar¬ 
row and rodlike; a slightly wider portion extends to a point nearly midway; 
the apical portion is slightly wider, narrows caudad to apex, bears a suggestion 
of a broadly rounded preapical prominence on the ventral edge; slightly 
curved, tip narrowed, ends in a, blunt, obtuse-angled point, chitinization mod¬ 
erately heavy, heavier than in' P. acutus and P. cinereus; strengthening rod 
extends caudad as far as fifth dorsal tooth from apex. Toothed area on dorsal 
edge occupies a little more than the apical half; teeth twenty-one to twenty- 
two in number, rather large; in the greater number the basal edges of each 
tooth are parallel and the apical edges taper to a rounded apex, fairly regular 
in size, shape and spacing; bear small secondary teeth for the most part on the 
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caudal edge; tip notched with small teeth on both dorsal and ventral edges, 
practically continuous around the tip, eighteen present on the ventral edge; 
area of ducts conspicuous, granular in appearance, circular duct openings vis¬ 
ible; open along ventral apical edge, along dorsal edge of toothed area, and 
irregularly in the basal area of the valve; the two valves of the pair are joined 
one to the other by a distinct, rectangular, heavily chitinized connection pres¬ 
ent on the dorsal edge at about one-third the length. 

Genus Deltocephalus Burmeister. 

The ovipositors of seven species of this genus have been examined 
and found to be similar. The ovipositor is slightly curved, gradually 
narrowed toward the apex, with apical half little if any wider than 
the basal half. The apical half bears teeth along its dorsal edge, 
usually small, rounded, and bearing a few secondary teeth. The 
apex may or may not bear small teeth on one or both edges. The 
area of ducts may or may not be conspicuous; when visible is gran¬ 
ular in appearance with duct openings visible. The two valves of 
the pair are joined one to the other by a ehitinous connection pres¬ 
ent on the dorsal edge of the basal area. 

Deltocephalus reflexus Osborn and Ball. 

(PI. XXX, fig. 6 ) 

Length, 1.18 mrn.; greatest width, 0.09 mm. About the same width for en¬ 
tire length; tapers gradually caudad to tip; no preapical prominence; slightly 
but distinctly curved, tip gradually narrowed, extreme apex sharply pointed, 
ehitmization light; strengthening rod extends caudad as far as tenth dorsal 
tooth from tip, nearly meeting dorsal edge. Toothed area on dorsal edge oc¬ 
cupies somewhat less than the apical half of the valve; teeth about forty in 
number, rather small, of various sizes and shapes, presenting an irregular, 
crenulate margin; a few of t he larger teeth bear secondary teeth; the extreme 
tip bears no teeth; ducts inconspicuous, invisible except for apices and circular 
openings; open along ventral apical edge, along dorsal edge of toothed area, 
and irregularly in the basal portion of the valve; the two valves of the pair 
are joined one to the other by a poorly defined, rather elongate, heavily chit¬ 
inized connection present on the dorsal edge a little past a third of the length. 

Deltocephalus weedi Van Duzee. 

(PI. XXX, fig. 7.) 

Length, 1.05 mm.; greatest width, 0.13 mm. Narrow and rodlike at base; 
a somewhat wider, rather heavily chitinized area extends almost to midpoint; 
the apical half is occupied by a still wider, less heavily chitinized area which 
tapers to apex; preapical prominence wanting; slightly curved, tip greatly 
narrowed, extreme apex rounded, chitinization moderately heavy; heavier than 
in D. reflexus; strengthening rod extends caudad as far as or beyond last dor¬ 
sal tooth. Toothed area on dorsal edge occupies a little more than the apical 
half of the valve; about thirteen large primary teeth, these are comparatively 
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small, rounded, fairly regular in size, shape and spacing; bear a few small 
secondary teeth on caudal edge; margin of valve between teeth is also notched 
with small secondary teeth; tip notched with small teeth on both dorsal and 
ventral edges, not continuous around the tip, nine present on ventral edge; 
area of ducts conspicuous, granular in appearance, circular duct openings vis* 
ible; open along ventral apical edge, at extreme apex, along doraal edge of 
toothed area, and irregularly in the basal area where elongate ducts are vis¬ 
ible; the two valves of the pair are joined one to the other by an elongate, 
distinct, heavily chitinized connection present on the dorsal edge about a third 
of the length. 

Deltocephalm inimiem (Say). 

(PL XXIII, fig. 8; pi. XXX, fig. 8.) 

Length, 1,1 mm.; greatest width, 0J1 mm. About the same width for en¬ 
tire length, narrows eaudad to apex, preapical prominence wanting; slightly 
curved; tip greatly narrowed, extreme apex rounded, chilinization moderately 
heavy; strengthening rod extends eaudad as far as last dorsal primary tooth. 
Toothed area on dorsal edge occupies apical half; primary teeth thirteen in 
number, small, rounded, rather regular as to size, shape and spacing; bear a 
few small secondary teeth on caudal edge; margin of valve between primary 
teeth is also notched with small teeth; ventral edge of tip is notched with 
small teeth, dorsal edge devoid of teeth at apex, fifteen present on ventral 
edge; area of ducts somewhat granular, though elongate ducts are present, 
circular duct openings visible; open along ventral apical edge, at extreme 
apex, along dorsal edge of toothed area and irregularly in the basal region; the 
two valves of the pair arc joined one to the other by an elongate, distinct, 
heavily chitmized connection present on the dorsal edge at about one-third 
the length. * 

Deltocephalus fiavicofita Stal. 

(PL XXIII, fig. 0; pi. XXX, fig. 9.) 

Length, 1 mm.; greatest width, 0.1 mm. Apical portion bearing teeth 
occupies a little more than one-half the length, is slightly wider than the 
basal portion, narrows eaudad to apex; no preapical prominence; slightly 
curved, tip narrowed, extreme apex bluntly rounded, ehitinization moderately 
heavy; strengthening rod extends eaudad as far as last primary tooth. 
Toothed area on dorsal edge occupies a little more than the apical half; 
teeth twelve to thirteen in number, small, rounded, rather regular in size, 
shape and spacing; bear a few small secondary teeth along the caudal edge; 
margin of valve between primary teeth is also notched with small secondary 
teeth; tip notched with small teeth on ventral edge, dorsal edge devoid of 
teeth at apex, eleven present on ventral edge; area of ducts somewhat granu¬ 
lar m appearance, though elongate ducts are visible; open along ventral apical 
edge, at extreme apex, along dorsal edge of toothed area, and irregularly in 
the basal area; the two valves of the pair are joined one to the other by an 
elongate, curved, heavily chitinized connection present on the dorsal edge at 
about one-fourth the length. 
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Deltocephalm debilis Uhler. 

(PI. XXX, fig. TO.) 

Length, 1.33 mm.; greatest width, 0.15 mm. About the same width for en¬ 
tire length beyond curved basal connection, narrows caudad to apex; pre- 
apical prominence wanting; distinctly curved, tip gradually narrowed, extreme 
apex rounded, chitinization moderately heavy; strengthening rod extends 
caudad as far as fourth dorsal tooth from apex. Toothed area on dorsal edge 
occupies apical two-fifths of length; primary teeth thirteen to fourteen in 
number, small, usually rounded, irregular as to size, shape and spacing; for 
the most part bear no secondary teeth, though a few irregular secondary 
teeth are present; the margin of the valve between the primary teeth is 
notched with small, irregular teeth; the tip is slightly and irregularly rough¬ 
ened, but bears no distinct teeth; area of ducts conspicuous, granular in ap¬ 
pearance, though elongate ducts are visible; open along ventral apical edge 
(five), at extreme apex (one), along dorsal edge of toothed area, and in the 
basal portion of the valve; the two valves of the pair are joined one to the 
other by a distinct, elongate, slightly curved, heavily chitinized connection 
present on the dorsal edge of the basal area, occupying more than one-third 
the entire length. 

Deltoeephaliis parvalus Gillette. 

(Pi. xxx, fig. n.) 

Length, 0.87 nun.; greatest width. 0.08 mm. About the same width for 
entire length beyond curved basal connection, tapers gradually caudad to 
apex; preapicai prominence wanting; only slightly curved, tip narrowed, ends 
in sharp point, chitinization light; strengthening rod extends caudad almost 
to last dorsal primary tooth. Toothed area on dorsal edge occupies a little less 
than the apical half; primary teeth nine to ten in number, very small, rounded, 
fairly regular in size, shape and spacing, in most cases bear a few secondary 
teeth; margin of valve between primary teeth also bears small, regular sec¬ 
ondary teeth, which point forward; tip devoid of teeth; ducts inconspicuous, 
their apices and circular openings alone being visibly; open along ventral 
apical edge, at extreme apex, along dorsal edge of toothed area, and in the 
basal area where elongate ducts are visible; the two valves of the pair are 
joined one to the other by an elongate, curved, distinct, heavily chitinized 
connection present on the dorsal edge of the basal area and occupying about 
one-fifth of the entire length. 

Deltocephaluis collinus Boheman. 

(PI. XXX, fig. 12.) 

Length, 1.3 mm.; greatest width, 0.13 mm. Narrow and rodlike at base; 
beyond base a broader and more heavily chitinized portion extends to mid¬ 
point; apical portion is still wider, less heavily chitinized, tapers caudad api- 
cally; preapicai prominence wanting; slightly curved, tip greatly narrowed, 
extreme apex narrowly rounded, rather blunt, chitinization moderately light; 
strengthening rod extends caudad as far as seventh primary tooth from apex. 
Toothed area on dorsal edge occupies a little less than the apical half; about 
seventeen primary teeth present, these are small, somewhat rounded, very irreg- 
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ular as to size, shape and spacing and may or may not bear a few small second* 
ary teeth on the caudal edge; margin of valve between primary teeth notched 
with small, irregular teeth, especially caudad of apex; tip devoid of teeth; area 
of ducts conspicuous, granular in appearance, though elongate ducts are visible, 
circular duct openings visible; open along ventral apical edge (five), at ex¬ 
treme apex (one), along dorsal edge of toothed area, and irregularly in the 
basal area; the two valves of the pair arc joined one to the other by a distinct, 
elongate, slightly curved, heavily chitinized connection present on the dorsal 
edge, occupying about one-fifth of entire length. 

Aconura argentiolus (Uhler). 

(PI. XXXI, fig. o ) 

Length, 1.77 mm.; greatest width, 0.11 mm. About the same width for en¬ 
tire length, tapers caudad to apex; beans no preapieal prominence; slightly 
curved, tip narrowed, rather blunt, obtuse-angled point, chitinization very 
light; strengthening rod extends caudad to a point between last and next to 
last dorsal tooth. Toothed area on the dorsal edge occupies a little more than 
the apical half; teeth twenty-two in number, very small, in the general shape 
of a greatly flattened obtuse triangle with the caudal edge longer than the 
cephalic, rather irregular in size, shape and spacing; bear many small, regular 
secondary teeth along both edges, more numerous on the caudal edge, continu¬ 
ous along entire dorsal margin of valve toward apex; tip notched with small 
regular teeth on both dorsal and ventral edges, not continuous around the tip, 
teeth on ventral edge slightly larger than those or dorsal; areas of ducts incon¬ 
spicuous; ducts invisible except for apices and circular openings; open along 
ventral apical edge, in extreme apex, along dorsal edge of toothed area, and 
irregularly in the basal portion of the valve. 

*r 

Nephotettix curtipennis (Gillette and Baker). 

(PI. XXXI, fig. 10.) 

Length, 2.5 mm.; greatest width, 0.25 mm. Apical toothed half slightly 
wider than basal portion, tapers caudad to apex; bears an indistinct, broadly 
rounded preapieal prominence on ventral edge; < nly slightly curved, tip nar¬ 
rowed, ends in obtuse-angled point, chitinization moderately heavy; strength¬ 
ening rod extends caudad beyond last distinct primary tooth. Toothed area 
on dorsal edge occupies the apical half; teeth twenty-four to twenty-five in 
number, of medium size, m the general shape of a very flat, obtuse triangle 
with the caudal side longer than the cephalic, fairly regular in size, shape and 
spacing; bear small, regular, secondary teeth on both edges, continuous around 
the apex of each tooth, seven to fifteen on caudal edge and one to four on 
cephalic edge; tip notched with small teeth on both dorsal and ventral edges, 
not continuous around the tip, about 55 on ventral edge, area of ducts con¬ 
spicuous, granular in appearance though elongate ducts are visible, open along 
ventral apical edge (five), at extreme apex (one), along dorsal edge of toothed 
area, and a few in the basal region; the two valves of the pair are joined one 
to the other by an elongate, narrow, heavily chitinized connection extending 
the entire length on the basal area. 
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Driotura gammaroides (Van Duzee). 

(PI. XXIII, fig. 10; pi. XXXI, fig. 11.) 

Length, 1.8 mm.; greatest width, 0.21 mm. Apical half slightly wider than 
basal half, tapers caudad to apex; bears only a suggestion of a preapioal promi¬ 
nence on the ventral edge; slightly curved, tip narrowed with extreme apex 
narrowly rounded, chitinization moderately heavy; strengthening rod extends 
caudad beyond last distinct dorsal tooth. Toothed area on dorsal edge occu¬ 
pies the apical half; teeth twenty in number, of medium size, in the general 
shape of a flat, obtuse triangle with the caudal edge longer than the cephalic, 
rather regular in size, shape and spacing; bear small, regular secondary teeth on 
both edges, continuous around the apex of each tooth, seven to eighteen on 
caudal edge, two to seven on ventral edge; tip notched with small teeth on 
both dorsal and ventral edges, practically continuous around the tip though 
greatly reduced at extreme apex; those on ventral edge are larger and more 
distinct, about fifty-four present on ventral edge; area of ducts conspicuous, 
granular m appearance, duct openings visible; open along ventral apical edge 
(five), at extreme apex (one), along dorsal edge of toothed area, and irregu¬ 
larly m the basal area, the two \al\c\s of the pair are joined one to the other 
by an elongate, narrow, heaMly chitmized connection present on the dorsal 
edge of the basal area for its entire length. 

This ovipositor is \ery similar in general appearance to that of Ncjriiotethx 
curt ipe unis. 

Genus Evscelis Brulle. 

The ovipositors of six species of this genus have been examined 
and a wide variety of forms found within the genus. Evscelis cxiti- 
osns (Uhler) and Evscelis striolvs (Fallen), both in subgenus Athy- 
sanvs, arc not similar in any except their grosser details. Euscelis 
anthracinus fVan Duzee), in subgenus Evscelis, and Evscelis comma 
(Van Duzee), iu subgenus Conomcllus, arc similar one to the other 
but not to any other species of the genus examined. Euscelis cvr- 
tesii (Fitch) and Euscelis bicolor (Van Duzee), both in subgenus 
Stirellus, are very similar one to the other but not to any other spe¬ 
cies of the genus examined. 

The ovipositors of the subgenus Stirellus arc somewhat narrower 
in the basal half than in the apical half, which tapers to the apex 
and bears teeth along its dorsal edge. The teeth differ in number 
and in the number of secondary teeth they bear. The apex is 
notched with small teeth present on the ventral edge only. The 
area of ducts is conspicuous, granular in appearance, with the duct 
openings visible. The two valves of the pair are joined one to the 
other by an elongate, chitinized connection present on the dorsal 
edge of the basal area. 
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Euscelis exitiosm (Uhler). 

(Pi. XXIII, ft*. 11; pi. XXXI, fig, X.) 

Length, 2 mm.; greatest width, 0.2 mm. Apical portion, which occupies 
two-thirds of length, is slightly wider than basal portion, tapers caudad to 
apex; bears a distinct, angled, preapical prominence on ventral edge; only 
slightly curved beyond curved basal attachment, rather abruptly narrowed at 
tip, ends m sharp point, chitinization moderately heavy; strengthening rod ex¬ 
tends caudad as far as last dorsal tooth. Toothed area on dorsal edge occupies 
apical two-thirds of length; teeth thirty-four to thirty-five in number, rather 
small, of a general triangular shape, with the caudal edge longer than the 
cephalic and the apex rounded, fairly regular in size, shape and spacing; bear 
small seeondarjr teeth on both edges, not continuous around the apex of each 
tooth, eight to eighteen on caudal edge, two to four on cephalic edge; tip 
notched with small, regular teeth on both dorsal and ventral edges, practically 
continuous around the tip, about eighty on ventral edge between preapical 
prominence and extreme apex; area of ducts conspicuous, granular in appear¬ 
ance; open along ventral apical edge, along the dorsal edge of the toothed 
area, one in each tooth, and a very few’ in the basal area; the two valves of 
the pair are joined one to the other by a poorly defined connection which is 
slightly more heavily chitinized than the rest of the basal area, upon whose 
dorsal edge it is located. 

Euscelis striolus (Fallen). 

(PI. XXIII, fig. 12; PI. XXXI, fig. 2.) 

Length, LI mm.; greatest width, 0.16 mm. Apical portion occupying two- 
thirds of length but little wider than basal portion, narrows caudad to tip; 
bears no preapical prominence;*only slightly curved, tip abruptly narrowed, 
ends in obtuse-angled point, chitinization moderately heavy; strengthening 
rod extends caudad as far as second dorsal tooth from apex. Toothed area on 
dorsal edge occupies apical two-thirds; teeth eleven to twelve in number, 
rather large, of a general triangular, shape with the apices broadly rounded, 
fairly regular in size and shape, irregular in spacing; bear secondary teeth of 
various sizes and shapes on both edges, three to nine on caudal edge and one 
to four on cephalic edge; general arrangement of secondary teeth is very ir¬ 
regular; tip bears a few irregular teeth on the dorsal edge only, there is a 
slight irregularity of the margin on the ventral apical edge; area of duets con¬ 
spicuous, granular in appearance, circular duct openings easily visible; open 
along ventral apical edge, in extreme apex, along dorsal edge of toothed area, 
and m basal region where many elongate ducts are visible; the two valves of 
the pair are joined one to the other by an elongate, distinct, chitinized con¬ 
nection present on the dorsal edge of the basal area. 

Euscelis anthracinm (Van Duzeo). 

(PI. XXXI, fig. S.) 

Length, 1.4 mm.; greatest width, 0.18 mm. About the same width for en¬ 
tire length beyond curved basal connection; preapical prominence wanting; 
slightly curved, tip narrowed by broadly rounded ventral edge, extreme apex 
bluntly rounded, chitinization rather heavy; strengthening rod extends caudad 
as far as last dorsal tooth. Toothed area on dorsal edge occupies apical half; 
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teeth nine to ten in number, very email, rounded, fairly regular as to size, 
shape and spacing, being farther apart basally; bear a few small secondary 
teeth on caudal edge, margin of valve between teeth also notched with small, 
numerous secondary teeth; tip notched with small teeth on both dorsal and 
ventral edges, not continuous around the tip, about fifteen present on the 
ventral edge; area of ducts conspicuous, granular in appearance, though elon¬ 
gate ducts are visible; duct openings visible; open along ventral apical edge, 
at extreme apex, along dorsal edge of toothed area, and in basal region, where 
many elongate ducts are visible; the two valves of the pair are joined one to 
the other by a distinct, elongate, curved, heavily chitinized connection present 
on the dorsal edge of the basal area; this connection bears a rounded promi¬ 
nence toward the caudal end. 

Euseelis comma (Van Duzee). 

(PI XXIII, fig. 13. pi. XXXI, fig. 4 ) 

Length, 15 nun.; greatest width, 022 mm. About the same width for entire 
lengtii beyond curved basal connection, tapers caudad to apex; no preapical 
prominence; only slightly curved, tip narrowed by broadly curving 'ventral 
edge, extreme apex narrowly rounded, chitinization rather heavy; strengthen¬ 
ing rod extends caudad to within a short distance of apex. Toothed area 
on dorsal edge occupies a little less than the apical half; teeth numerous, 
small, rounded, very irregular as to size, shape and spacing and present an 
irregularly crenulate margin; tip bears no distinct teeth but is irregularly 
roughened; area of duets conspicuous, granular in appearance, with many 
elongate ducts visible; open along ventral apical edge, at extreme apex, along 
dorsal edge of toothed area, and in the basal region where many elongate ducts 
are visible; the two valves of the pair are joined one to the other by an 
elongate, distinct, heavily chitinized connection present on the dorsal edge of 
the basal area; it is a little less than half the entire length and at the point 
of greatest width is about one-half the width of the valve; bears an indistinct, 
broadly rounded prominence a litlle caudad of the midpoint. 

Eu*celiH curtiaii (Fitch)/ 

(Pi. XXXI, ft* 5.) 

Length. 1,1 mm.; greatest width. 0.12 mm. Apical half slightly wider than 
basal half, bears no preapical prominence; only slightly curved beyond curved 
basal attachment, gradually narrowed, ends in narrowly rounded extreme apex, 
chitinization moderately light; strengthening rod extends caudad as far as 
next to last dorsal tooth. Toothed area on dorsal edge occupies the apical 
half; teeth fourteen to sixteen in number, small, rounded, fairly regular in size, 
shape and spacing, though not entirely so; bear a few secondary teeth on the 
caudal edge and an occasional secondary tooth on the cephalic edge; tip notched 
with small teeth on ventral edge only, dorsal edge devoid of teeth at extreme 
apex, ten present on ventral edge; area of ducts conspicuous, granular in ap¬ 
pearance, openings visible; open along ventral apical edge, at extreme apex, 
along dorsal edge of toothed area, and in basal region where elongate ducts are 
visible; the two valves of the pair are joined one to the other by a distinct, 
elongate, slightly curved, chitinized connection present on the dorsal edge of 
the basal area. 
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Euscelis bicolor (Van Duzee). 

(PI. XXXI, fig. 6; pi. XXIII, fig. 14.) 

Length, 0.92 mm.; greatest width, 0.11 mm. Apical portion slightly wider 
than basal portion, tapers caudad to apex; no preapical prominence; distinctly 
curved, tip gradually narrowed, ends in narrowly rounded extreme apex, 
chitinization rather light; strengthening rod extends caudad as far as next 
to last dorsal tooth. Toothed area on dorsal edge occupies apical two-fifths 
of length; teeth twelve to thirteen in number, small, rounded, fairly regular 
in size, shape and spacing; bear a few small secondary teeth on caudal edge, 
margin of valve also notched with small secondary teeth; tip notched with 
small teeth on ventral edge only, eight to ten in number; area of ducts con¬ 
spicuous, granular iu appearance, duct openings visible; open along ventral 
apical edge, at extreme apex, along dorsal edge of toothed area, and in basal 
region, where elongate ducts are visible; the two valves of the pair are joined 
one to the other by an elongate connection only slightly more heavily 
chitinized than the rest of the basal area, occupying about one-sixth of the 
entire length. 

Genus Eutettix Van Duzee. 

The ovipositors of two species of this genus have been examined 
and found to be generally similar, though possessing many differ¬ 
ences. In each ease the basal half is somewhat narrower than the 
apical half, which narrows toward the apex and bears teeth along 
its dorsal edge. The teeth vary in number, size, shape, and posses¬ 
sion of secondary teeth in the two species. The tip is notched with 
small teeth on one or both edges. The area of ducts is conspicuous, 
granular in appearance, with the duct openings visible. The two 
valves of the pair are joined one to the other by a chitinous con¬ 
nection present on the dorsal edge of the basal area. 

Eutettix rinctvs Osborn ard Ball. 

(Pl. XXIV, tig. I ; 1*1. XXXI, fig 8 ) 

Length, 1.5 mm.; greatest width, 0.17 mm. Apical portion but slightly wider 
than basal portion, narrowed caudad toward apex; no preapical prominence; 
distinctly curved, tip narrowed, extreme apex broadly rounded, chitinization 
moderately heavy; strengthening rod extends caudad as far as fourth dorsal 
tooth from apex. Toothed area on dorsal edge occupies apical half of valve; 
teeth fourteen in number, of medium size, rounded, fairly regular in size, shape 
and spacing; bear secondary teeth, one to four on caudal edge; cephalic edge 
may also bear a single secondary tooth; margin of valve is notched with small 
secondary teeth between primary teeth; a few faintly visible teeth are present 
on the ventral edge of the tip, the dorsal edge is devoid of teeth at the extreme 
apex, about nine present on- the ventral edge; area of ducts conspicuous, 
granular in appearance, duct openings easily visible; open along ventral apical 
edge (seventeen to nineteen), at extreme apex (three), along dorsal edge 
of toothed area, and in the basal region where elongate ducts are visible; the 
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two valves of the pair are joined one to the other by a distinct, elongate, 
curved, heavily chitinized connection present on the dorsal edge of the basal 
area; bears a distinct, rounded prominence about midway. 

Eutettix strobi (Fitch). 

(PI. XXIV, fig. 2; pi. XXXI, fig. 7.) 

Length, 1.3 mm.; greatest width, 0.17 mm. Apical portion somewhat wider 
than basal portion, narrows caudad to apex; preapical prominence wanting; 
slightly curved, tip narrowed by curving dorsal edge, ends in broadly rounded 
extreme apex, chitinization medium; strengthening rod extends caudad as 
far as fifth dorsal tooth from apex. Toothed area on dorsal edge occupies a 
little more than the apical half; teeth twenty-one to twenty-four in number, 
larges somewhat irregularly rounded with the caudal edge longer and more 
gently sloping than the cephalic edge; bear small secondary teeth on both 
edges, three to seven on caudal edge and one to three on cephalic edge; tip 
is notched with small teeth on both dorsal and ventral edges, not continuous 
around the tip, fifteen to nineteen on ventral edge; area of ducts conspicuous, 
granular in appearance, duct openings easily visible; open along ventral apical 
edge (fourteen), at extreme apex (one), along dorsal edge of toothed area, and 
in basal region where elongate? ducts are visible; the two valves of the pair are 
joined one to the other by a rather short, distinct, heavily chitinized con¬ 
nection present on the dorsal edge in tlye basal region. 

Genus Phlkpsitts Fieber. 

The ovipositors of three species of this genus have been examined 
and found to be generally similar. The ovipositor in each ease is 
about the same width for entire length and tapers caudad to the 
apex. The toothed area on the dorsal edge occupies from a third 
to a half the apical length. The primary teeth vary in number, 
size, shape and number of secondary teeth in the various species. 
The tip is notched with small teeth on both edges* in every case. The 
area of ducts is conspicuous, granular in appearance, with some 
elongate ducts visible and with duct openings visible; the two valves 
of the pair are joined one to the other by an elongate, chitinized 
connection present on the dorsal edge of the basal area. 

Phlepsim spa tula tus VanDuzee. 

(PI. XXIV, fig. 8; pi XXXII, fig 10.) 

Length, 1.9 mm.; greatest width, 0.25 mm. About the same width for 
entire length, tapers caudad to apex; bears a suggestion of a preapical promi¬ 
nence on the ventral edge; slightly curved, narrowed by curving ventral edge, 
rather bluntly rounded at extreme apex, chitinization heavy; strengthening rod 
extends cauded as far as fifth dorsal tooth. Toothed area on dorsal edge 
occupies apical two-fifths; teeth fifteen to eighteen in number, of medium 
size, rounded, rather irregular aB to size, shape and spacing; bear a few 
irregular secondary teeth on the caudal edge; cephalic edge of some teeth 
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also bears a single secondary tooth; margin of valve between primary teeth 
notched with small secondary teeth; tip notched with small, irregular teeth 
on both edges; area of ducts conspicuous, granular in dorsal region, duct-like 
in ventral region, circular duct openings visible; open at ventral apical edge 
(seven), at extreme apex (one), along dorsal edge of toothed area, and in 
basal region; the two valves of the pair are joined one to the other by a 
distinct, elongate, heavily chitinized connection present on the dorsal edge of 
the basal area and occupying about one-third the length. 

Phlcpsius excultus (Uhler). 

(PI XXIV. fig 4; pi. XXXII, fig U ) 

Length, 1.8 nun.; greatest width, 0.17 mm. About the same width for entire 
length, tapers caudad to apex; bears a suggestion of a preapical prominence 
in the ventral edge, extreme apex rounded, chitmization moderately heavy; 
strengthening rod extends caudad as far as fourth dorsal tooth from apex. 
Toothed area on dorsal edge occupies a little more than the apical third of 
the length; teeth fifteen to seventeen in number, rather small, rounded, 
fairly regular in size and shape but uneven in spacing; bear a few secondary 
teeth on caudal edge, and a few primary teeth bear a single secondary tooth 
on the cephalic edge, margin of val\e bet ween primary teeth bears small 
secondary teeth; tip notched with small teeth on both dorsal and ventral edges, 
practically continuous around the tip; pight large teeth on ventral edge; these 
may be simple or may bear secondary teeth, irregular as to arrangement; 
area of ducts conspicuous, ducts elongate for the most part though a granular 
area is present dorsally, duet openings visible; open along ventral apical edge 
(six), at extreme apex (one), along dorsal edge of toothed area, and in the 
basal region; the two valves of 4 he pair are joined one to the other by a dis¬ 
tinct, elongate heavily chitinized connection present on the dorsal edge of the 
basal area, occupying more than a third of the total length, this connection 
irregularly roughened along its dorsal edge. 

Phlcpsius irrora ( us (8a,y). 

(PI. XXIV, fig. !>, pi XXXII, fig 8.1 

Length. 1.5 mm.; greatest width, 0.17 mm About the same width for 
entire length beyond curved basal attachment, narrows caudad to apex; pre¬ 
apical prominence wanting; slightly curved, tip gradually narrowed, narrowly 
rounded at extreme apex, chitmization moderately light; strengthening rod 
extends caudad as far as second dorsal tooth from apex. Toothed area on 
dorsal edge occupies a little less than the apical half; teeth nineteen to twenty 
in number, of medium size, m the general shape of an obtuse triangle with 
caudal edge longer than the cephalic and the apex rounded broadly, fairly 
regular as to size shape and spacing, but not entirely so; bear a few secondary 
teeth on caudal edge and also a few bear a single secondary tooth on the 
cephalic edge; tip is notched with small, indistinct teeth on both dorsal and 
ventral edges not. continuous around the tip, about fifteen on ventral edge; 
area of duets conspicuous, granular in appearance, duct openings easily 
visible; open along ventral apical edge (ten), at extreme apex (one), along 
dorsal edge of toothed area, and in the basal region where elongate ducts are 
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visible; the two valves of the pair are joined one to the other by a heavily 
chitinized connection present on the dorsal edge of the basal area, occupying 
about a fourth of the entire length and a half of the width. 

Genus Acinopterijs Van Duzee. 

The ovipositors of three species of this genus have been examined 
and found to be very similar. In each case the ovipositor is greatly 
curved, the basal portion only slightly narrower than the apical 
portion, which bears teeth along its dorsal edge. The primary teeth 
are few in number, and differ in number and in the number of sec¬ 
ondary teeth they bear in the various species. The margin of the 
valve between the primary teeth is notched with small teeth. The 
tip in each case is notched with small teeth on both dorsal and 
ventral edges. The area of ducts may or may not he conspicuous, 
when visible granular in appearance with duct openings visible. 
The two valves of the pair arc joined one to the other by an elon¬ 
gate, curved, chitinous connection present on the dorsal edge of 
the basal area. 

Acinoptvrm acuminata* Van Duzee. 

(Pi xxiv, fig e, i>i xxxir. fig 3 ) 

Length, 1.5 mm.; greatest width, 0.12 mm. Apical portion only slightly 
wider than basal portion, tapers slightly caudud; bears a small prcapical 
prominence on the ventral edge; greatly curved, ehituuzation moderately 
light; strengthening rod extends caudud its tat as last or next to last dorsal 
tooth of large size Toothed area on dorsal edge occupies somewhat less than 
the apical half; primary teeth so\en in number, small, rounded, regular as to 
size and shape, unevenly spaced; bears three to four small secondary teeth 
on the caudal edge, margin of valve between primary teeth bears numerous 
small, regular, secondary teeth; tip notched with small teCth on both dorsal 
and ventral edges, not continuous around the tip, about fifteen present on the 
ventral edge; area of ducts conspicuous, granular in appearance, circular 
duct openings visible; open along ventral apical edge (seven), at extreme 
apex (two), along dorsal edge of toothed area, and m the basal region; the 
two valves of the pair are joined one to the other by a distinct, curved, heav ily 
chitmizcd connection present on the dorsal edge of the basal area. 

Acinoptcrm vivid is Ball. 

(PI. XXXII. fig J ) 

Length, 1.7 mm.; greatest width, 0.16 mm. Apical portion only slightly 
wider than basal portion, narrowed caudad at apex, bears no prcapical pi emi¬ 
nence; greatly curved, tip narrowed, ends in rounded extreme apex, chitiniza- 
tion light,; strengthening rod extends caudad almost to apex. Toothed area 
on dorsal edge occupies the apical third; only two primary teeth present, 
these located near the base of the toothed area, small, rounded, bear two to 
three small secondary teeth on their caudal edges; the margin of the valve is 
notched wdth many small, regular secondary teeth; tip is notched on both 
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edges with small teeth, continuous around the tip, about ten on ventral edge; 
area of ducts inconspicuous, ducts invisible except for circular openings; open 
along ventral apical edge (six), at extreme apex (one), along dorsal edge of 
toothed area, and in basal area; the two valves of the pair are joined one to 
the other by a poorly defined, elongate connection present on the dorsal edge 
of the basal area, only slightly more heavity chitmizcd than the rest of the 
ba>al area. 

Acinopterus angulatm Lawson. 

(PI. XXXII, fig. 2 ) 

Length, 1.2 mm.; greatest width, 0.12 mm. Apical portion only slightly 
wider than basal portion, narrows slightly caudad at apex; no distinct 
preapical prominence present; greatly curved, tip narrowed, extreme apex 
rounded, chitinization moderately heavy, heavier than in A. acuminatus and 
A. t*irulis; strengthening rod extends caudad as far as next to last primary 
tooth. Toothed area on dorsal edge occupies a little more than the apical 
third; teeth eight m number, Mnall, rounded, regular in size and shape, some¬ 
what unevenly spaced; bear secondary teeth on caudal edge, three to four in 
number; the margin of valve between primary teeth is notched with small, 
numerous, regular, secondary teeth; tip notched with small teeth on both 
dorsal and ventral edges, practically continuous around the tip, about fifteen 
on ventral edge; area of ducts conspicuous, granular m appearance, circular 
duct openings visible; open along \entral apical edge (five to six), at ex¬ 
treme apex (one), along dorsal edge of toothed area, and in basal region; the 
two valves of the pair are joined one to the other by a distinct, elongate, 
heavily ehitmized connection piesent on the dorsal edge of the basal area. 

Genus Thamnotettix Zetterstedt. 

The ovipositors of two species of this genus have been examined 
and found to be generally similar. In each case the basal half is 
distinctly narrower than the apical half, which narrows caudad at 
the apex and bears teeth along its dorsal edge. The primary teeth 
differ in number, shape, and number of secondary teeth they bear 
in the two species. The tip is notched with small teeth on both 
edges. The area of ducts is conspicuous, granular in appearance, 
with the duct openings visible. The two valves of the pair are 
joined one to the other by a heavily chitinized connection present 
on the dorsal edge of the basal area. 

Thamnotettix clitellarius (Say). 

(Pi. XXXTI, fig. f».) 

Length, 1.4 mm.; greatest width, 0.18 mm. Apical portion plainly wider 
than basal portion, narrows caudad toward apex; bears a very small preapical 
prominence on ventral edge; slightly curved, tip narrowed, extreme apex 
broadly rounded, chitinization medium; strengthening rod extends caudad as 
far as fourth dorsal tooth from apex. Toothed area on dorsal edge occupies 
a little more than the apical half; teeth twenty to twenty-three in number, of 
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medium size, of a general triangular shape, with the caudal edge longer than 
the cephalic and the apex rounded broadly, fairly regular as to size, shape, 
and spacing, though not entirely so; bear small secondary teeth on caudal 
edge and a few also bear a single secondary tooth on the cephalic edge; tip 
notched with small teeth on both edges, not continuous around the tip, those 
on ventral edge larger and more distinct, about fourteen present on ventral 
edge; area of ducts conspicuous, granular in appearance, circular duct openings 
\isible; present along ventral apical edge (twelve), at extreme apex (one), along 
dorsal edge of toothed area, and in basal region where elongate ducts are visible; 
the two valves of the pair are joined one to the other by a distinct, heavily 
ehitmized, rather short, rectangular connection present on the dorsal edge of 
the basal area. 

Thamnolettix longulm Gillette and Baker. 

(PI. XXXII, f.g 4 ) 

Length, 1.3 mm.; greatest width, 0.17 mm. Apical portion diMinctly wider 
than basal portion, tapers caudad at apex; no preapieal prominence; slightly 
curved, tip narrowed, extreme apex narrowly rounded, chitmization medium; 
strengthening rod extends caudad as far as sixth dorsal tooth from apex. 
Toothed area on dorsal edge occupies somewhat more than apical half; thirty- 
one primary teeth present, in the general shape of an obtuse triangle, of 
medium size, fairly regular as to size and shape but not entirely so, unev en in 
spacing; bear small secondary teeth on both edges, four to twelve on caudal 
edge and one to four on cephalic edge, secondary teeth continuous around the 
apex of each tooth; tip notched with small teeth on both dorsal and venfml 
edge, not continuous around the apex, eight on ventral edge; area of ducts 
conspicuous, granular in appearance, duct openings visible; open along ven¬ 
tral apical edge (eight), at extreme apex (one), along dorsal edge of toothed 
area (about one to each tooth), and in the basal area; the two valves of the 
pair are joined one to the other by a distinct, elongate, heavily ehitmized 
connection present on the dorsal edge of the basal area, occupies less than a 
fifth of the entire length. 

Genus Chlorotkttix Van Duzee. 

The ovipositors of two species of this genus have boon examined 
and found to be generally similar. The basal third may or may not 
be narrower than the apical two-thirds, which tapers to the apex 
and bears teeth along its dorsal edge. The primary teeth differ in 
number, shape, and number of secondary teeth in the two species. 
The tip is notched on both edges with small teeth, not continuous 
around the tip. The area of ducts h granular in appearance and 
the duct openings are visible. The two valves of the pair are joined 
one to the other by a ehitinous connection present on the dorsal edge 
of the basal area. 
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Chlorotettix spatulatus Osborn and Ball. 

(PI. XXIV, fig. 7; pi. XXXII. fig. 6.) 

Length, 1.5 mm,; greatest width, 0.24 mm. Apical portion much wider than 
basal portion, tapers caudad at apex; preapical prominence wanting; slightly 
curved, tip rather abruptly narrowed, extreme apex narrowly rounded, chitin- 
lzation medium; strengthening rod extends caudad as far as last primary 
tooth. Toothed area on dorsal edge occupies the apical two-thirds; teeth 
twenty-seven to twenty-eight in number, of medium size, rather irregular as 
to shape, some rounded, some triangular and some flat across the top; bear 
two to seven secondary teeth on the caudal edge and may or may not bear 
one to three secondary teeth on the cephalic edge; tip notched with small 
teeth on both edges, not continuous around the tip, nine to ten on ventral 
edge; area of ducts conspicuous, granular m appearance though many elongate 
ducts are visible, duct openings visible; open along ventral apical edge (eight), 
at extreme apex (one), along dorsal edge of toothed area, and in basal area; 
the two valves of the pair are joined one to the other by an elongate, rectangu¬ 
lar, chitinized connection present on the dorsal edge of the basal area, only 
slightly more heavily chitinized than the rest of the valve, occupying about 
one-sixth of entire length. 

Chlorotettix galbanatwt Van Duzce. 

(PI. XX1\ , fig 8; PI. XXXll, fig 7 ) 

Length, 14 mm.; greatest width, 0.21 nun. About the same width for en¬ 
tire length, apical portion very slightly narrower than basal portion, tapers 
caudad to apex; no preapical prominence; slightly curved, tip gradually nar¬ 
rowed, extreme apex bluntly rounded, chitinization medium; strengthening rod 
extends caudad as far as third dofsal tooth from tip. Toothed area on dorsal 
edge occupies somewhat less than the apical two-thirds; teeth twenty-eight in 
number, of medium size, some rounded, others of a general triangular shape, 
evenly spaced; bear secondary teeth, two to eight on caudal edge and an oc¬ 
casional single secondary tooth on the cephalic edge; tip notched with small 
teeth on both edges, not continuous around the Up, ten present on ventral 
edge; area of ducts conspicuous, granular in appearance, circular duct open¬ 
ings visible; open along ventral apical edge (thirteen), at extreme apex (one), 
along dorsal edge of toothed area, and in the basal region, where elongate 
ducts are visible; the two valves of the pair are joined one to the other by a 
distinct, curved, heavily chitinized connection present on the dorsal edge of 
the basal area, occupying a little less than a fourth of the entire length. 

Jassy s olitorim Say. 

(PI XXXIII, fig. 2.) 

Length, 3.7 mm.; greatest width, 0.2 mm. Very long, narrow and rodlike, 
apical portion which bears teeth only slightly if any wider than basal rod 
tapers only at apex; no distinct preapical prominence present; distinctly 
curved, tip narrowed, rounded at extreme apex, chitinization moderately 
heavy; strengthening rod extends caudad as far as sixth dorsal tooth. Toothed 
area on dorsal edge occupies about the apical fourth; eleven teeth present on 
each valve with a large median tooth present between teeth one and two; 
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apical teeth very small and broadly rounded, distal teeth larger and more 
sharply pointed; bear no secondary teeth; tip bears no teeth; area of ducts 
conspicuous, ducts elongate, rather straight, circular openings visible; open 
along ventral apical edge (twenty-two), at extreme apex (one), along dorsal 
edge of toothed area, very noticeably in teeth three and four, in each of which 
three to four ducts open, and in the basal rod; the two valves of the pair are 
joined one to the other by a distinct-, elongate, narrow, heavily chitmizcd con¬ 
nection present on the dorsal edge of the basal rod. 

Tinobregmm vittatus Van Duzee. 

(PI. XXXIII, fig 1 ) 

Length, 2.7 mm.; greatest width, 0.19 mm. Long, narrow and rodlike, apical 
toothed portion only slightly wider than basal rod, tapers caudad at apex; no 
preapical prominence; distinctly curved, tip evenly narrowed, extreme apex 
rounded, chitimzation moderately heavy, heavier than m Jasmin olitorius; 
strengthening rod extends caudad as far as eighth dorsal tooth. Toothed area 
on dorsal edge occupies apical third; teeth ten to eleven in number, apical 
teeth small and broadly rounded, distal teeth larger and more sharply pointed; 
bear no secondary teeth; tip bears no teeth; area of ducts conspicuous, ducts 
elongate, rather straight, duct openings visible; open along ventral apical 
edges (twelve), at extreme apex (one), along dorsal edge of toothed area, and 
in the entire length of basal rod; the two valves of the pair are joined one to 
the other by a distinct, elongate, narrow, heavily chitmized connection present 
on the dorsal edge of the basal rod, occupying about one-fifth of the length of 
the basal shaft. 

This ovipositor is very similar to that of Jamis olitorius. 

Cicadula punctifrons var. replcta Fieber. 

(PI. XXIV, fig. p|. XXXIII, fig 8 ) 

Length, 2.2 mm.; greatest width, 0.17 mm. About the same width for entire 
length, narrows caudad at apex; no preapical prominence; slightly curved, tip 
narrowed by curving ventral edge, bears a finely toothed prominence on the 
dorsal edge, extreme apex narrowly rounded, chitinization very light; strength¬ 
ening rod extends caudad as far as fourt h dorsal tooth from apex. Toot lied 
area on dorsal edge occupies the apical two-fifths; teeth fifteen in number, 
rather large, rounded, regular as to size, shape and spacing; bear a few fine 
secondary teeth on both edges, continuous around the apices of the primary 
teeth, those on caudal edge larger and more distinct than those on ventral 
edge, two to eight present on the ventral edge; there are fine, radiating lines 
extending from the interior of each tooth to the margin; the tip is notched 
with small teeth on both edges, not continuous around the tip, twenty-five on 
ventral edge; area of ducts inconspicuous, ducts invisible except for circular 
openings, which are easily visible; oj>en along ventral apical edge (five), at 
extreme apex (one), along dorsal edge of toothed area, and in the basal area; 
the two valves of the pair are joined one to the other by a poorly defined, 
elongate, lightly chitinized connection present on the dorsal edge of the basal 
area, occupies about one-fourth the entire length. 
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Genus Balclutha Kirkaldy. 

The ovipositors of two species of this genus have been examined 
and found to be similar. The basal portion is somewhat narrower 
than the apical portion. The point of greatest width is between 
three-fourths and four-fifths the length of the valve, beyond which 
the valve tapers to a very narrow apex, sharply pointed or narrowly 
rounded. The valve bears only very small teeth located at the apex. 
The area of ducts may or may not be conspicuous, is granular in ap¬ 
pearance with the duct openings visible. The two valves of the pair 
are joined one to the other by an elongate, lightly chitinized connec¬ 
tion present on the dorsal edge of the basal area. 

Balclutha punctata (Thunberg). 

(PI. XXIV, fig. 10; pi XXXIII, fig. 4 > 

Length, 0.88 mm.; greatest width, 0.1 mm. Apical portion somewhat wider 
than basal portion, point of greatest width about three-fourths the length, tapers 
caudad from this point to the apex; distinctly curved, tip greatly narrowed, 
extreme apex narrowly rounded, chitinization very light; strengthening rod 
extends caudad to within a short distance of the apex. The valve is toothed 
only on its dorsal apical edge for about one-sixth the length, teeth numerous, 
very small, regular; area of ducts inconspicuous, faintly granular m appear¬ 
ance, duct openings visible; open along ventral apical edge, at extreme apex, 
along dorsal apical edge, and in the basal region; the two valves of the pair are 
joined one to the other by a lightly chitinized, elongate, narrow connection 
present, on the dorsal edge of i)\c basal area. 

Balclutha impicta (Van Duzco). 

(PI. XXIV, fig. 11, pi. XXX11I, fig 5.) 

Length, 0.88 mm.; greatest width, 0.09 mm. Apical portion slightly wider 
than basal portion, point of greatest width about four-fifths the length; only 
slightly curved, tip greatly narrowed, extreme apex very sharply pointed, chi¬ 
tinization light, though heavier than m H. punctata; strengthening rod extends 
caudad almost to apex. The dorsal edge is toothed only for the apical sixth of 
its length; teeth numerous, very small and regular; ventral edge also bears a 
few small teeth at the apex, farther apart than those on the dorsal edge, about 
ten in number; area of ducts conspicuous, granular m appearance, openings 
visible; open along ventral apical edge, at extreme apex, along dorsal apical 
edge, and in the basal area; the two valves of the pair are joined one to the 
other by a distinct, elongate, narrow connection present on the dorsal edge of 
the basal area. 

J Eugnathodus abdominalis (Van Duzee). 

(PI. XXIV, fig. 12; pi. XXXIII, fig. 6 ) 

Length, 0.72 mm.; greatest width, 0.09 mm. Apical half slightly wider than 
basal half, point of greatest width is about three-fourths the length, beyond 
this point the valve tapers to the apex; distinctly curved, tip greatly but 
unevenly narrowed, extreme apex very .sharply pointed, chitinization veiy 
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light; strengthening rod extends caudad almost to apex The toothed area on 
the dorsal edge occupies only the narrowed portion of the apex; these teeth 
are very small, regular, numerous; the ventral edge bears no teeth at the apex, 
but somewhat back from the apex on the widened portion the ventral edge is 
notched with many fine, indistinct teeth; area of ducts conspicuous, granular 
in appearance, duct openings visible; open along ventral apical edge, at ex¬ 
treme apex, along dorsal apical edge, and in basal region ; there is no evidence 
of a chitinous connection between the two valves of the pair. 

This ovipositor is similar in appearance to the ovipositors of the genus 
lialclutha examined. 

Tribe Tvphlocybini (Kirschbaum). 

Dikrancura nbnornm (Walsh). 

(PI XXIV, hg 13, pi. XXXIII, fig 7 ) 

Length. 0 7 mm.; greatest width, 0.08 mm. Basal half narrow and rodlike, 
apical half wider, flat, toothed, tapers caudad to apex; basal portion greatly 
curved, apical portion only slightly curved; tip greatly narrowed, extreme apex 
narrowly rounded, chitimzation moderately light; strengthening rod extends 
caudad as far as sixth dorsal tooth from apex. Toothed area on dorsal edge 
occupies the apical half; the two valves of the pair are not identical as to 
teeth, the one having few and the other many; the one having more bears 
twenty-five primary teeth, these rather small, in the general shape of an obtuse 
triangle, fairlv regular as to size and shape, much reduced m size apicall.v, 
bear secondary teeth along the caudal edges, three to six in number; Ihe tip is 
notched with small teeth on both edges, not continuous around the tip. four on 
the ventral edge; ami of duets inconspicuous, duets visible, elongate, rather 
few in number. \ isible openings present only along dorsal edge of toothed area 
anil in basal area; no distinct elntmous connection between the iwo valves 
prevent. 

Genus Empoasca Wiilsh. 

The ovipositors of fivv species of this genus have been examined 
and found to be very similar. In this genus the two valves of the 
pair are nol identical, but differ in length, width, and size and num¬ 
ber of teeth. The shorter, narrower valve hears many very small, 
regular teeth along its dorsal edge 1 . The longer, broader valve bears 
comparatively few large teeth, which in turn hear small secondary 
teeth. Neither valve in any of the species examined bears teeth for 
more than the apical fifth of its length. Except in one species the 
tip of the valve is notched with small teeth. The area of ducts may 
or may not be conspicuous; ducts elongate, few in number. 

Empoasca trifasciata Gillette. 

(P! XXXIII, fig. 10.) 

Length, 0.8 mm.; greatest width, 0.08 mm. Narrow and rodhke, apical 
toothed portion only slightly wider than basal shaft; distinctly curved, tip nar¬ 
rowed, extreme apex narrowly rounded, chitinization moderately light; 
strengthening rod extends caudad as far as second dorsal tooth. Toothed area 
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on dorsal edge occupies the apical fifth of the valve; the two valves of the pair 
differ as to number and arrangement of teeth; the shorter, narrower valve bears 
many small, regular teeth along its dorsal edge; the longer, broader valve bears 
thirteen large primary teeth along its dorsal edge, these rounded, regular, and 
bear one to three secondary teeth along their caudal edges; the tip is notched 
with small teeth on both dorsal and ventral edges, not continuous around the 
tip, seven on ventral edge of valve bearing small teeth, eleven on ventral edge 
of \alve bearing large teeth; area of ducts conspicuous, ducts easily visible, 
elongate, rather few in number; open at apex, along dorsal edge of toothed 
area, and in basal area; no distinct chitinous connection present. 

Empoasca smaragdula (Fallen). 

(I>1 XXXIII, fig 31.) 

Length, 2 mm.; greatest width, 0.11 mm. Narrow and rodlike, about the 
same width ior entire length, tapers eaudad at apex; distinctly curved, tip 
narrowed, extreme apex narrowly rounded, ehitmization medium; strengthen¬ 
ing rod extends eaudad as far as third dorsal tooth. Toothed area on dorsal 
edge occupies about the apical seventh of the length; the two valves of the 
pair are not identical; the one is shorter, narrower, and bears only very small 
teeth along its dorsal edge; the longer, wider valve bears thirteen large primary 
teeth along its dorsal edge, flatly rounded, fairly regular as to size, shape and 
spacing; bear a few indistinct secondary teeth; the tip of the larger valve is 
notched with small, indistinct, irregular teeth on both dorsal and ventral edges, 
continuous around the apex; area of ducts conspicuous, ducts easily visible, 
elongate, few m number; open at apex and along basal shaft; the dorsal edge 
of the basal shaft is irregularly roughened; no distinct chitinous connection 
present. 

Ernpoasca obtusa Walsh. 

(PI XXIV, fitf 14; pi XXXIII, fig 12) 

Length, 0.9 nun.; greatest width, 0.05 mm Consuls of a narrow, rodlike 
basal shaft and a slightly wider, toothed apical portion which tapers eaudad 
to apex; distinctly curved, tip only,slightly narrowed, extreme apex broadly 
rounded, ehitmization moderately light; strengthening rod extends eaudad 
as far as second dorsal tooth. The two valves of the pair are not identical; 
the shorter, narrower valve bears only very small, regular teeth along its 
dorsal edge; the longer, wider valve is toothed along its apical seventh with 
seven primary teeth, these of medium size, rather flatly rounded, fairly regular 
as to size, shape and spacing, though smaller apically, and bear a few irregular, 
indistinct, secondary teeth; no distinct teeth present on tip; area of ducts 
rather conspicuous, ducts visible, few in number, elongate; open apically, 
along dorsal edge of toothed area, and along basal shaft. 

Ernpoasca livingstoni Gillette. 

(PI. XXXIII, fig. 14.) 

Length, 2 nun.; greatest width, 0.11 mm. Narrow and rodlike, about the 
same width for entire length, tapers eaudad at apex; distinctly curved, tip 
greatly narrowed, extreme apex ends in acute-angled point, ehitmization very 
light ; strengthening rod extends eaudad as far as fifth dorsal tooth. The two 
valves of the pair are not identical; the shorter, narrower valve bears only 
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very small, regular teeth for a short distance on its dorsal edge; the longer, 
wider valve bears thirteen primary teeth along the apical sixth of its dorsal 
edge, medium in size, somewhat triangular in shape, with the caudal edge 
longer than the cephalic, fairly regular m size, shape and spacing; bear small 
secondary teeth along caudal edge, three to seven m number; tip of longer 
valve notched with small teeth, continuous around the tip, thirteen on ventral 
edge; area of ducts inconspicuous, ducts invisible except for circular openings; 
open at apex, along dorsal edge of toothed area, and in basal shaft. 

Empoasca mali (LeBaron). 

(Pi xxxm, fig. 13) 

Length, 0.8 mm.; greatest width, 0.03 mm Very narrow and rodlike, apical 
toothed portion only very little wider than basal shaft; greatly curved, 
tip slightly narrowed, extreme apex narrowly rounded, ehitunzation light; 
strengthening rod extends caudad as far as third dorsal tooth. The two 
valves of the pair are not identical; the shorter, narrower valve bears only 
very small, regular teeth along its dorsal edge for a short distance; the longer, 
wider valve bears eighteen primary teeth along the apical sixth of its dorsal 
edge, these of medium size, regular as to size, shape and spacing, smaller 
apically, and bear a few \cry fine and indistinct secondary teeth on the 
caudal edge; the tip of the longer valve is notched with small teeth on both 
edges, not continuous around the tip, about seven on the ventral edge; area 
of ducts inconspicuous, ducts invisible except for circular openings; open 
at apex and a few m the basal shaft. 

Genus Erythrokevra Fitch. 

The ovipositors of two species of this genus have been examined 
and found to be similar one to the other and also to the ovipositors 
of the genus Empoasca. In this genus the two valves of the. pair 
are not identical, but differ as to length, width, and size and number 
of teeth. In one species the small, more numerous teeth are borne 
by the longer, wider valve; in the other species the condition is 
reversed. The teeth do not occur except on the apical fourth of the 
valve. The area of ducts is inconspicuous, ducts when visible elon¬ 
gate, duct openings visible. 

Erythroneura tririncta Fitch. 

(PI. XXXUI, fig. 8.) 

Length. 1.2 mm ; greatest width, 0.09 mm. Narrow and rodlike, the apical 
toothed portion only slightly wider than the basal shaft, tapers caudad at 
apex; distinctly curved, tip narrowed, extreme apex rounded, clntinization 
very light; strengthening rod extends caudad to a point about two-fifths the 
length of the toothed portion of the longer valve. The two valves of the 
pair are not identical; the longer, wider valve bears a great many very small, 
regular teeth along its dorsal edge for the apical fourth; the shorter, narrower 
valve bears slightly larger, less numerous, regular teeth along its dorsal apical 
edge; tip notched with teeth on both edges, not continuous around the tip. 
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about twelve on the ventral edge of the longer valve; area of ducts incon¬ 
spicuous, ducts invisible except for openings; open in apex and along basal 
shaft. 

Erythronevra vulnerata Fitch. 

(PI XXXIII, tip. 9 ) 

Length, 0.8 mm.; greatest width, 0.06 mm. Narrow and rodlike, apical 
toothed portion only slightly wider than basal shaft, tapers caudad to apex; 
distinctly curved, tip narrowed, extreme apex rounded, ehitinization moder¬ 
ately light; strengthening rod extends caudad as far as third dorsal tooth. 
The two valves of the pair are not identical; the shorter, narrower valve bears 
very small teeth for a short distance along its dorsal apical edge; the longer, 
wider valve bears ten primary teeth along its dorsal edge, occupying the apical 
sixth, these of medium size, m the general shape of an obtuse triangle, fairly 
regular in size, shape and spacing, bear two to five small secondary teeth on 
caudal edge; tip notched wdth small teeth on both edges, continuous around 
apex, about ten present on ventral edge of longer valve; area of ducts in¬ 
conspicuous, ducts elongate; open apieally and along the basal shaft. 

CONCLUSIONS. 

An examination of the descriptions and plaics leads to several 
conclusions. The various subfamilies are not distinctly set apart 
by the characters of the ovipositor. While it is true that in general 
the ovipositors of the Bythoscopiiue have regular, rounded teeth; 
those of the Cieadellimc are toothed for nearly their entire length 
and have elongate, curved duets; those of the (iyponime are stout 
and heavily chitmized; and those of the Jassina* have a granular 
duet area and a chitinous connection between the two valves of the 
pair; yet these characters are not found in all the members of the 
subfamily and are not exclusively found in the subfamily. How¬ 
ever, closely related genera possess ovipositors which are very simi¬ 
lar. Examples of this similarity are shown in Ayalhopsis and Arc- 
ratayallia; M a cropsis and On cops is; Oncomrtopiu . H omalodisca and 
Aulacizcs; Cicadella and Graphoccphala; Nephotcttix and Drio- 
tura; Doryccphalm and He calm; Helochara and Dmculacephala; 
J ass us and Tinohreijmus; Balciutha and Eugnathodus; and Dikra- 
neura , Enrpoanca and Typhlocyha, all in the tribe Typhloeybini, 
which is very clearly set apart by the characters of the ovipositor. 

Between the species of'Well-defined genera there is an indisputa¬ 
ble generic similarity. The characters of size, ehitinization and 
number of teeth vary, but the characters of general shape, and shape 
and arrangement of teeth seem to be constant within the genus. 
Examples of generic similarity are shown in Idiocerm , Macropsis, 
Kolia , Dmculacephala , Platymetopius , Deltoccphalns , Balciutha, 
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Empoasca , and many others. In the admittedly loose and complex 
genus Euscclis the ovipositors show the wide hinge of forms that 
would be expected, and the same condition might be found in other 
genera of equal complexity. 

Finally, we find constant characters of specific value in the ovi¬ 
positor. The ovipositors of seventeen individuals of Cicadella hi - 
eroglyphica (Say), representing as wide a geographical range and 
as many color varieties as are to be found in our duplicate collec¬ 
tion, were examined and found to be constant in the characters 
given, which arc sufficient to separate it from the other species of the 
genus examined. Several specimens each of Graphocephala coc- 
cinea (Former) and On come topi a lateralis (Fabricius) were exam¬ 
ined in the same way and their characters also found to be constant. 
Hence it can safely be concluded that characters of specific value, 
constant within the range of the species, are found in the ovipositors 
of the Cicadellida*. It is also true that these characters are accessi¬ 
ble to the general worker and should not be neglected by him in a 
taxonomic study in this family. 
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PLATE XXL 

1. Ventral mow of abdomen of female. 

2. Dorsal view of abdomen of female. 

3. (Voss sect.on through abdomen. 

4. Dorsal view of segment nine, showing attachment of ovipositor. 

«) Ventral view of segment nine, showing attachment of ovipositor 

(3 (Vo-.s sc ction through ovipositor, showing relative position of vahes 
7. Valve I, showing attachment to eighth sternum. 

S Detached portion of valve I, showing attachment to ninth pleuron. 

9 Valve II (uppei) and valve* I (lower), showing attachment to ninth 
sternum 
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PLATE XXII. 

1. Idiocerus pall ulus Fitch. 

2. A gall top.sis novella (Say). 

3. Onrometopta undata (Fabricms). 

4. Oncometoput lateralis (Fabricate). 

5. Homalodutca trujuetra (Fabric!us) 

6. Aulactzes nrorata (Fabncius). 

7. Cicadclla huroglyphica (Say). 

8. CircuitUa arcellata (Baker). 

9. Graphonphata coccinea (Forster) 

10. Helochara communis Fitch. 

11. Druculacephafa molhpes (Say). 

12. Drcrculacephala reticulata (Sgnoret). 

13. Kolia bifida (Say). 

14. Kolia hartti (Ball). 



plate xxit. 
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PLATE XXIII. 

1. (lijpona octo-hncata (Sa\ ) 

2. Xt ro/th lota viriths (FabnmM 

3. Xcstoc< phalus pnhnmu* Van Dum*. 

4. Sraphw dcua i turn tat ns (Sav) 

5. Platij met opt ns amt us (Sa\ ) 

6 Platymetopiuts frontalis Van Duzee 

7. Mrsamin ritcllma (Fitrli) 

8. Del tonphalus minions uSav) 

9. I)i lton phalus (la>'icosta Ntal 

10 Drafturti (jammaronh ,\ (Van Duzee) 

11 Kust'i lis < .ritiosus (Filler). 

12. k'usn hs striolus (Fallen) 

13. Puscelis comma (Van Duzee) 

14. K uscihs hicolor (Van Duzee). 


( 270 ) 
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PLATKXXIY 

1. Kutvlth nnctus ()>born and Hall 

2 Eubttu stmt)i (Filch). 

3 Phlcpstus spat ulat us Van Duzee 
-I. Phh psius cxcultu s (Uhler) 

.k Phlepsms mnrntus (Sav). 

0 Annopti i us aeinnmatus Van Duzee 

7 ('hlurott ttix sjiatulutus (Fboin and Rill 

8 ('himot( tttx ijalbanatus Wan Duzee 

9 ('uadula punctilious \jir nphta Fieber. 

10 Patel ut ha panel a fa (Thunbctu) 

11. HaU'lutha unpieta (Van Duzee) 

12 Iiupnathnilus abilnnuuahs (Van Duzee) 

13 /Jihianeura abnornus (Wabh). 

11 Emponsm obtain \Val>h. 


( 272 ) 
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PLATE XXV. 

1. AyalUopsh Horella (Say) 

2. AnrutmmUia uhhn VanDuzw*. 

3 ldioreru# ,s nauv (iillottr and Bakrr 

4. Idioccrus mmentosus (Thlrr) 

5. ltUit('t>ru# pnllidus Filc*h 

f>. Idinccrus duztci Pro\ amdur 
7. Idlonrua rcrticis (Suv). 

S. Idiocrrwi xcurra ((lerinar). 

9 Idiuarwi nonuttiu s Van Dtim* 

10 Hythwropux apiralis (0,4>orn and Hall). 
11. Bythnxcnpus mist Hus (SfaD. 

(274) 
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PLATE XXVI 

1 lfflno/Ns nudis (Fifth) 

2 Xlmropis ^uturalt s (Osborn mid Ball) 

3 OtHopsis distnutus (Van Duzet) 

4 Onconutopm undo,’a ( Fabric iu&) 

5 Omomttopui lateralis (Fabncius) 

6 llomalodusca tnqmtra (Fabritms) 

7 Aulauze* irrorata (Fabrinuh) 

# Cicadt lla nr< ellata ( Bakor) 

** 

9 (hfadflla hierofflyphica (Sa>) 
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PLATE XXVII. 

1. Drcrculaa phala noveboraa runs (Fitch). 

2. Drmculacephala tnofhpes (Say). 

3. Drcpculacephala reticulata (Signoret). 

4. Err horn enellus montan us Baker. 

5. Ilelochara communis Fitch. 

C. Paqaroma tripunctaia (Fitch). 
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PLATE XXVIII. 

1. Kolia hartii (Ball). 

2. Kolia geometrica (Signorct). 

3. Kolia bifida (Say). 

4. Graphocephala coccinea (Forster). 

5. Gypona bimaculata Spangberg. 

6. Gypona angulata Spangberg. 

7. Gypona pectoralis Spangberg. 

8. Gypona octo4ineata (Say). 
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PLATE XXIX. 

1. Xestocvphahus pulicarius Van Duzor. 

2. Xerophlcea virulis (Fabricius). 

3. Stroygylocephalus agrestic (Fallen). 

4. Dory cephalic plat yrhyyichus Osborn. 

5. Memnonia consobrina Ball. 

6. M jmnybcrgiella mexieana Baker. 

7. Parabolonatus flaruius Signore!. 

H. Ilecalvs linealus (l T hler). 

9. Me nam ia strut trim a (Osborn). 

10. Mcsamia vttdhna (Fiteh) 

11. Aliy in jurunda (1’hler). 
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PLATE XXX. 

1. Sraphoideus sc a l nr is Van Duzee. 

2. Scaphoideus immistus (Say). 

3. Platymetojnus and us (Say). 

4. Plat y me to pins cinereus Ohbom and Ball. 

5. Platymetopim frontalis Van Duzee. 

6. Deltocephalus reflex us Osborn and Ball. 

7. Deltocephalus weedi Van Duzee. 

8. Deltocephalus mimic us (Say). 

9. Deltocephalus flavicosta Stal. 

10. Deltocephalus debits Uhler. 

11. Deltocephalus parvulm Gillette. 

12. Di Itocephalus colhnus Boheimm 
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PLATE XXXI. 

1. Eum'vUh exitiosuH (Uhler). 

2. Euscclis striolm (Fallen). 

3. EWilis an 1 hradtiux (Van Duzte) 

4. Emedia comma (Van Duzee). 

5. E media curt vs ii (Fitch). 

0. Euacelis bicolor (Van Duzee). 

7. Eutettix strobi (Fitch). 

8. Eutettix cinctus Osborn and Hall. 

9. Aconwra argenteolus (Uhler). 

10. Nephotcttir curtipennia (Gillette and Baker). 

11. Driotura ga m mar aides (Van Du zee). 
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PLATE XXXI1. 

1 Annoptvrux rmdw Ball. 

2. Ar inapt eras anynlatm Lawson 

3. Antmptrrw s acununntux Van Duzee. 

4. Thamnotf ttix lanyulux (lillette and Baker. 
5 Thamnotettix rlitvltanux (Sa>). 

6. ( ' hlorntvttix xpatulntux ()shorn and Ball. 

7. V hlorotettir yalbanatux Van Duzee. 

8. Phlepxiw k irroratux (Say). 

9. Phlfpsius ereultux (TUiler). 

10. Phlcpsius xptitulatux Van Duzee. 
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PLATK XXXI11. 

1. Tinobregmus vit talus Van Du zoo. 

2. J ass ax olitorius Say. 

3. Cicadula punctijrons var. repleta Fieber. 

4. Baklutha punctata (Thunberg). 

5. Baklutha imfricta (VanDuzeo). 

6. Eugnathodus abd ami nulls (Van Duzoe). 

7. Dikraneura abnormts (Walsh). 

8. Ery throne ura tricineta Fit oh. 

9. Ery throne ura vulnerata Fitch. 

10. Ernpoasca trijasaala Gillette. 

11. Em pause a *m aragd ula (Fallon). 

12. Empoasca obtusa Walsh. 

13. Empoasca malt (LeBaron). 

14. Em poasea Kvlngstoni Gilh 11c. 
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Life History Notes on Two Species of Kaldida* 
(Hemiptera) Found in Kansas.* 

BY GRACE OLIVE WILEY. 


T HE family characteristics of the saldids are so well known that 
a description need not be given here. A few brief notes on 
certain Kansas species, however, may be of interest. 

Nymphs in the third and fourth instars were taken June 1, 1920, 
along a little ravine leading to a pond or pool which contained water 
only during the spring and early summer when rains were frequent. 
This little freshet and pond were in a small pasture just outside the 
city limits of Chanute, Kan. Here, within a few blocks of home, I 
found two different species of saldids, though in not very plentiful 
numbers. 

Knowing that no Kansas saldid had yet been reared, I captured 
all the lively little fellows 1 could and sat about the task of rearing 
them. One was a large black species, the other a much smaller 
species. 

THE LARGE BLACK SALDID. 

Saldula major (Prov.). 

June 12 there were two adults, and by June 18 the others had 
reached the adult state and were mating. June 21 I found twelve 
newly laid eggs on a blade of grass. These hatched July 3. With 
what pleasure, and interest these active little fellows were watched! 
The adults were shy, but very inquisitive, and when food was placed 
in their dish they were always ready to run up and take a look at it, 
curiosity-bent, it seemed; or when removing food that had been 
given to them the day previous, they were equally curious to see 
what was going on. Not so with the smaller species; they were 
always trying to get away or hide. 


*1 wish to thank Dr. H. B. Hungerford for his help and kindly criticism and for the loan 
of a binocular from the University. 
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The nymphs liked to stay hidden most of the time, but would 
come out and feed quite readily. It was interesting to see one of 
the little fellows prodding around an insect for a soft spot in which 
to insert its necdlelike beak. Nor does it disturb one of them in the 
least to remove the insect and place same under the binocular to 
watch the process of feeding. 

The newly emerged nymphs, either from the egg or molt, are very 
bright red in color, with eyes, antennae, beak and legs very dark. 
They become dark, however, in a very short time, except the nymphs 
which emerge from the eggs; these are red for more than a day. 
The adults are very pale pink or yellowish when they first emerge, 
with eyes, antennae, beak and legs very dark. They become dull 
black in a short time, with rather pale, obscure markings on the 
wing covers. 

DESCRIPTION OF STAGES. 

Sot 1 plate XXXIV. 

THE EUQ. 

Size. Length about 1.2 mm.; width across widest part, .3 mm. 

Color . Pearly white and transparent when first laid, becoming yellow m 
color three days later. The fourth-day egg shows red eyelike spot, and two 
days later the entire egg becomes red in color; another day later, making seven 
days from time egg was laid, it is blood red with very dark, eyelike spots. 
When nine days old the egg is orange red, and on the twelfth day the nymph 
emerges. A few hours before hatching the egg becomes pale or whitish in 
color. 

Shape. General shape shown by drawing. It is elongate, larger and more 
broadly rounded at one end, tapering and much smaller at the other end, with 
dorsal part arched. 

FIRST IN STAR. 

Size. Total length of one day-old nymph, about 1.1 mm.; width across 
abdomen, .6 mm. 

Color. Red to light reddish brown, with dark spot on fifth abdominal seg¬ 
ment, on the median line of the dorsal part. Eyes, legs, beak and antenn® 
black. 

Structural peculiarities. Rostrum reaching to the apex of the posterior cox®. 
Antennae four-segmented, last joint darker in color and larger than the others. 
Tarsi one-jointed. Length of first stage, four days. 

SECOND IN STAR. 

Size. Length about J.8 mm.; width across abdomen about 1 mm. 

Color. Dark reddish brown on dorsal part, with ventral part red. Venter 
very dark brown, nearly black. 

Structural peculiarities. Antennae four-segmented, with last segment larger 
than the other segments. Rostrum reaching to the base of the posterior 
cox®. Anterm® and legs covered with very fine black hairs, some longer and 
more sparsely placed than the others. 

Shape . A trifle stouter than first-instar nymph. 
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THIRD IN STAR. 

Size. Length from 2.25 to 2.5 mm.; width across abdomen from 1.3 mm. to 

1.4 mm. 

Color. Color on the dorsum very dark brownish black, with ventral parts 
brown. 

Shape. Much the same as the second instar, only much stouter. 

FOURTH IN STAR. 

Size. Length, 3.25 mm. to 3.5 mm.; width across abdomen, 1.9 mm. to 2 mm. 

Color. Shining black over entire part; most of the ventral part black ex¬ 
cept the throat and around the legs, which is slightly paler in color, also the 
anterior and lateral parte of the carina or keel of the abdomen, which is 
whitish in color; venter very dark. 

Shape. Decidedly stouter than third instar and wing pads now much m 
evidence. 

Structural peculiarities Rostrum reaching to the apex of the posterior 
cox®. Ventral part of the abdomen carinated. Antenna* long, rather stout, 
and covered, as in the third instar, with fine black hairs. 

FIFTH IN STAR. 

Size. Length from about 4.5 mm to 4.8 mm ; width across abdomen at 
widest part., 2.5 mm. to 2.625 mm 

Color. All of dorsum shining black in color. Ventral parts same as in 
fourth instar, as are also the antenna* and legs. Second joint of antenna* de¬ 
cidedly longer and more slender than any of the other joints. Rostrum reach¬ 
ing to the base of the posterior cox®. Eyes emarginatc. Wing pads reaching 
to the apex of the second abdominal segment. 

THE ADULT. 

Size. Female: length of the body, not including the antenna* and legs, 

6.5 mm. to 6.875 mm.; width, 2.8 to 3 mm. Mule: length, 6.25 mm.; width, 
2.625 to 2 mm. 

Color. Entire insect dull black with a few' obscure, pale markings Body 
oblong, oval. Ocelli slightly apart. Head long and tapering to the front. 
Eyes large, emarginatc and strongly cxserted. Scut el him rather flat with a de¬ 
pression in center of disk. The posterior lateral margins of pronotum and the 
anterior margins of homelytra slightly reflexed. Rostrum long and slender, 
first joint short and thick, second joint very long, the tip reaching to the base 
of the middle coxae; third joint reaching to the base of the posterior coxa*. 
Color of beak black and shining, with tip slightly paler. Antenna' very black, 
stout and long; basal joint stout and considerably shorter than third or fourth 
joints; second joint very long and slender; last two joints nearly the same 
length; last joint slightly longer than the next to last. Body covered w'lth 
sparse, closely appressed, golden pubescence. Membrane furnished with four 
areas. 

Oviposition. The eggs are deposited at the base of grass blades, 
or are thrust with the sharp ovipositor through the blades of grass. 
(See plate XXXIV.) 
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Incubation. Twelve days. 

Maturity. Adults come from eggs in twenty-eight days. 

General notes. Length of first instar, four days; of second in¬ 
star, three days; of third instar, three days; of fourth instar, two 
or three days; of fifth instar, four days. No ocelli are present in any 
of the nvmphal stages. 

ME AST T HE M ENTS IN MILLIMETERS OF NYMPHS AND ADULTS OF LARGE SPECIES 
KANSAS SALDID. 
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* Venter f Elytra 

These measurement* were made with micrometer. Rausch and Lomb binocular. 0 A oculars, 55 min, objec¬ 
tive* By placing millimeter ruler under binocular, micrometer measured ten lines to the millimeter ThiwtJlO 
lines micrometer — 1 mm 


SMALL SPECIES OF KANSAS SALDID. 

Saldula pqlltpcs Fa hi. (?)* 

From adults reared from nymphs captured June 1, 1920, along 
with nymphs of a large black species of saldid, 1 obtained, June 
23, several clear creamy-white eggs, thrust in the stems and blades 
of grass growing in the jars in which these saldids were confined. 
These were not. the first eggs laid, however, as I also found several 
small nymphs, but the eggs lmd been so cleverly hidden that I had 
not found them. These eggs hatched July 1 to 3, and became adults 
sixteen days later. Eggs> from this second generation hatched 
August 13 and August 20, becoming adults also in from sixteen to 
seventeen days from the time the nymphs emerged from the eggs. 

On the 28th of July I went to Texas to join my husband, who was 
in the employ of an eastern oil company. I could not think of 

*Mr Hung rlorcl w»ys this American speen* is not the same us th* Km opt an species. 









Wiley: Saldiile. 


305 


giving up the life histories of the two species of saldids I was rearing, 
feo placing all the little glasses containing them in a covered basket, 
I took them with me. No doubt the people on the train thought T 
was taking a lunch with me, or perhaps a pet dog or cat! I wonder 
how many ladies would have slept well that night had they known 
that the basket contained live bugs! 

In all the rearings 1 fed dead flies and other soft-bodied insects ; 
chiefly rairids (capsids) and cicadellids (jassids), as these were 
usually easier to obtain in large' numbers cither by sweeping or at 
the light at night. 

DESCRIPTION OF STAGES. 

S*i» Pinto XXXV 
THE Etlfl. 

Size. Length about .6 mm.; width, .15 mm. 

Color. Clear, creamy-white when first laid, changing to yellow. Duration 
of egg sfagt 1 , 8 to 10 days. 

Shape. Elongate-cylindrical; one end broadly rounded and considerably 
larger than the other end. Dorsal part arc hed. 

rillST IN STAR 

Size. Length of body about .8 mm.; width of abdomen at widest, part, 
.4 mm. 

( Uilor . Greenish brown with dark spot on the dorsum of abdomen along 
median line. 

Structural peculiarities. Mostly head, with large, reddish eyes; four-seg¬ 
mented slender antennae, fourth segment stouter than the others Duration of 
first in star, four days. 

SECOND IN STAR. 

Size. Length, 1. nun.; width, .6 mm. 

t'olor. Light green with eyes and antennae dark reddish brown. Dark spot 
oil the dorsum of abdomen. 

Shape , Much the same as first instar only stouter. Duration of iristar, 
three da} r s. 

THIRD IN STAR. 

Size. Length, 1.5 mm.; width, .8 mm. 

Color. Head and thorax yellowish; third and fourth abdominal segments 
dark green with spot on the dorsum orange yellow; remainder of abdomen 
yellowish green. Eyes and tip of antennap dark brown. 

Structural peculiarities. Tarsi segmented as in all the other instars; rostrum 
reaching to the posterior coxae. Duration of third instar, three days. 

FOURTH INSTAR. 

Size. Length of body, 2 mm.; width of abdomen, 1.2 mm. 

Color. Grayish flecked with brown. 

Shape. Nymph much stouter than in the third instar, and wing pads reach¬ 
ing to the base of the second abdominal segment. Beak reaching to the apex 
of the posterior coxae. Duration of fourth instar, 3 days. 
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FIFTH INSTAB. 

Size. Total length, 2.7 ram. to 3 mm.; width, 1.5 mm. to 1.6 mm. in widest 
portion. 

Color. Grayish brown speckled or mottled. 

Structural peculiarities. Antennae slender, four-segmented as in the other 
instars; fourth segment larger and stouter than the others; second segment 
longest and very slender; body, legs and antennae covered with sparse, short, 
brown pubescence. Rostrum reaching to the apex of the posterior coxae. 
Wing pads reaching to base of third abdominal segment. Duration of fifth 
instar, three days. 

THE ADULTS. 

Size. Length of the entire body, not including antennae and legs; Female: 
3.5 mm. to tip of abdomen; 3.9 to 4 mm. to tip of hernelytra; width of abdo¬ 
men across the widest part, 1.6 mm. to 1.7 mm. Male: length 3 mm. to tip 
of hernelytra; width, 1.5 mm. 

Description. Oblong-ovate, black above, closely invested with minute yellow 
pubescence; eyes large, rather oblong, brown, and very prominent. Ocelli 
reddish and slightly apart. Clypeus and tylus straw yellow; rostrum black 
and reaching upon the posterior cox®. Ventral part body jet black; sternum 
and pectus closely appressed with silvery-white pubescence. Legs pale with 
dark markings. Pronotum and scutellum rather flat, disk of pronotum slightly 
elevated and with a minute depression m center of disk. Scutellum a little 
longer than broad. Hernelytra brownish black with grayish-white markings. 
Clavus with oblong spot at the apex. Corium with two squarish spots near 
the upper, outer margin and two very small spots on the posterior margin near 
membrane. Embolium mostly grayish white, there usually being three dark 
spots along the median nerve connected by a dark-colored line or nerve. 
Membrane gray with dark veins and furnished with four areas, each having 
one or more smoky spots therein. Antenn® slender, four-segmented; basal 
segment stoutest, dark underneath, pale above; second segment very slender 
and almost twice the length of the first segment; third and fourth segments 
about equal in length and stouter than the second. 
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MEASUREMENTS IN MILLIMETERS OF NYMPHS AND ADULTS OP SMALL SPECIFY 

KANSAS SALDID. 



Tarsi 
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PLATE XXXIV. 

THE LARGE SALDID. 

Salduia major (Prow). 

Pic;. 1. Stem of grass with some of the blades removed, showing egg of 
saldid. 

Fig. 2. Under side of grass blade, showing tips of eggs through the opening 
made by the sharp ovipositor. 

Fig. 3. Upper side of the same blade shown in figure 2, showing the eggs 
and how they were thrust through the leaf. 

Fig. 4. Egg in a grass blade and part of the blade tom away to show the 
tip of the egg on under surface. 

Fig. 5. The egg. 

Ftg. 6. Nymph just out of egg, fitill in postnatal molt. 

Fig. 7. First-in star nymph. 

Fig. 8. Seeoud-instar nymph. 

Fig. 9. Fourth-instar nymph. 

Fig. 10. Third-instar nymph. 

Fig. 11. Fifth-instar nymph. 

Fig. 12. Adult male. 

Fig. 13. Adult female, ventral view. 

Fig. 14. Adult female, dorsal view. 
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PLATE XXXV. 

THE SMALL SALDID. 

Saldula pt\Uipen Fahi (?) 

Fig. 1 . The egg. 

Fig. 2. First-instar nymph 
Fig. 3. Second-instar nymph. 
Fig. 4. Third-instar nymph. 
Fig. 5. Fourfch-instar nymph. 
Fig. 6. Fifth-instar nymph. 
Fig. 7. Atfult female. 

Fig. 8 . Adult male. 
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A Problem in the Relation of Temperature to 
Rate of Insect Development. 

By P. A. GLENN, 

Chief Inspector, Division of Plant Industry, Illinois State Department of 
Agriculture, Urbana, III. 

E VEN the most casual observer is familiar with the fact that low 
temperatures inhibit growth in plants and animals, that hiber¬ 
nation or death will be evidenced by temperatures approaching 
freezing, and that high temperatures favor rapid development. It 
is only in late years that biologists have attempted to ascertain 
with accuracy the reaction of various plants and animals to differ¬ 
ent degrees, of heat. It has now been quite definitely demonstrated 
that development will take place only when the temperature is 
above a certain point, called the zero of development, or the 
threshold of development; that within a certain range of tempera¬ 
tures above this point the increase in the rate of development is 
approximately proportional to the rise in temperature; and that 
under given conditions of high moisture, evaporation and other 
physical environmental factors aside from heat, there is a tempera¬ 
ture constant for each period in development, which is equal to the 
product of the period by the average temperature above the thres¬ 
hold of development. 

This range of temperatures within which the rate of development 
increases as the temperature rises is bounded at the lower end by 
the threshold of development, and at the upper end by what I 
shall call the degree of the maximum rate of development. It is 
found that at temperatures near the lower limit of this range the 
rate of development varies somewhat faster than the rate of change 
in temperature, and at temperatures near the upper limit the rate 
of development varies somewhat more slowly than the rate of change 
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of temperatures. These facts are of importance to scientists who 
wish to ascertain the exact relations between temperature and 
development, but for practical purposes these slight variations 
need not be taken into consideration, especially when the varying 
out-of-door temperatures are to be used as a basis of study. 

The problem, therefore, dealt with in this paper may be stated 
as follows: Given the length in days of the period of development 
at different average daily temperatures, and the average daily 
temperatures for each of the periods, to find the threshold of de¬ 
velopment, the degree of the maximum rate of development, the 
temperature constant, the effects of temperatures above the de¬ 
gree of the maximum rate of development, and how to make cor¬ 
rections in the temperature factor when the temperature for a part 
of the time during the period was above the degree of the maximum 
rate of development. 

The problem is a simple one when constant temperatures are 
used, but with widely varying daily temperatures as a base for 
study the problem is more difficult, since the average daily temper¬ 
atures for the periods must be used and in nearly all observations 
these are influenced by temperatures below the threshold of develop¬ 
ment or temperatures above the degree of the maximum rate of 
development. 

In this paper the method oiprocedure will be illustrated by studies 
on the pupal period of the Carpocapsa pomonella, based on observa¬ 
tions out of doors on the pupal period of 3,817 pupae at mean daily 
temperatures varying from 52.6° F. to 82.6° F. 

The following table gives the complete results of the study: 


RELATION OF TEMPERATURE TO LENGTH OF PUPAL PERIOD. 


Temper¬ 

ature 

range. 

Generation. 

Number 

of 

obser¬ 

vations. 

Har¬ 

monic 

average 

of 

period. 

1 

P 

Aver¬ 

age 

mean 

daily 

temper¬ 

ature. 

Average daily 
day-degree* 

Total day- 
degrees. 

52+ 

2(87+) 

(52+)— 
2(87+) 

52+ 

(52+)- 

2(87+) 

52-55... 

Hib. 

2 

45 5 

021 

52 6 

6 1 


5.1 

236 

236 

54-55... 

Hib . 

348 

35 2 

028 

55.7 

6.8 


0.8 

237 

237 

56-57.... 

Hib . 

976 

34 0 

.029 

56 1 

7.0 


7.0 

240 

240 

58-59.... 

Hib. 

243 

27 7 

.030 

68.5 

8.0 

. 

8 6 

241 

241 

08-59.... 

First and second. 

218 

13*8 

.072 

09 2 

17.3 


17 3 

238 

238 

70-71.... 

First and second, 

175 

12.7 

.078 

70.7 

18.7 

.04 

18.7— 

238 

238 

72-73 ... 

First and second, 

221 

11 5 

.086 

73.1 

21.1 

.24 

20.8 

242 

240 

74-75.... 

First and second, 

247 

10.7 

.093 

74.9 

22.9 

.42 

22.5 

245 

241 

75-77... 

First and second, 

517 

10.0 

.099 

70.7 

24.7 

.88 

23.8 

248 

239 

78-79.... 

First. 

481 

0.4 

, .105 

79.1 

27.1 

1.63 

25.5 

256 

240 

80-81.... 

First. 

133 

9.4 

.106 

80.8 

28.8 

3.52 

25.3 

272 

239 

82-83.... 

First. 

256 

9.2 

.108 

82.6 

30.6 

4.12 

26.5 

283 

245 

52-83.... 


3,817 

‘ 14.4 

.669 

i 

17.3 

77 

16.6 

251 

240 













Glenn : Insect Development. 


319 


The usual method for determining the threshold of development 
is to use the reciprocals of the periods and the average mean daily 
temperatures as the coordinates and plot the one against the other, 
then draw a line which best fits the points, and the point where it 
crosses the temperature axis is the threshold of development. This 
method serves quite well when the temperatures are constant, but 
the more widely the temperature varies during the daily variations 
the less accurate are the results. The accompanying figure is really 
four figures placed on the same sheet, and represents the points 
in the various positions assumed by them at the different stages 
in the solution of the problem. 

The circles represent the position of points resulting from plotting 
the reciprocals of the periods against the average mean daily 
temperatures. These points do not fall in a straight line, but at the 
lower end they arc too far to the left, because the average mean 
daily temperatures are the averages of temperature readings below 
the threshold of development (ineffective temperatures) as well as 
readings above this point, and the points at the upper end are too far 
to the right, because the average mean daily temperatures here are 
averages of readings above the degree of the maximum rate of 
development (retarding temperatures) as well as readings below 
this point. 

A line that would fit these points would be too fiat. Now the 
points that are least affected by these ineffective and these, retard¬ 
ing temperatures are those between the average mean daily tempera¬ 
tures of 68 and 72. A line drawn through these two points cuts 
the temperature axis at 51.92 degrees. This is so nearly 52 de¬ 
gress that, to avoid fractions, 52 was assumed to be the approximate 
threshold of development. 

The average daily degrees above 52 were then computed with 
results as shown in column 7. The points marked by dots were 
plotted by using the reciprocals of the periods and the average 
daily temperatures above 52 degrees. It will be seen that at the 
lower end of the line the points come into line witli the two points 
used to establish the line, but at the upper end of the figure they 
are in the same position as the points located by plotting reciprocals 
against average mean daily temperatures. 

It was necessary now to ascertain the degree of the maximum rate 
of development’. The only way to determine this point is by trial. 

It was assumed at first that temperatures above the degree of the 
maximum rate of development were ineffective and did not ac- 



320 The University Science Bulletin. 





Glenn: Insect Development. 


321 


celerate the rate of development. On this supposition 84, 85, 86, 
87, 88 and 89 were taken in turn as the degree of the maximum rate 
of development and the proper corrections made. This did not bring 
the points back into line, as the points higher up still stood too far 
to the right. It was then assumed, after a careful inspection of the 
data, that temperatures above the degree of the maximum rate of 
development not only did not accelerate but retarded the rate of 
development in the same proportion as an equal fall in temperatures 
below this point would retard it. 

On this supposition 84, 85, 86, 87, 88 and 89 degrees were in turn 
taken as the degree of the maximum rate of development, and cor¬ 
rections made in the location of the points in each case. It was 
found that 87 degrees gave the best results. Points represented by 
thf crosses were then plotted, using the reciprocals of the periods 
and the average daily temperatures above 52 degrees, diminished by 
twice the average daily temperatures above 87 degrees. This 
brought all the points nearly in line with the two original points 
used in determining the lira*, indicating that the second supposition 
relative to the effects of temperatures above the degree of the 
maximum rate of development is correct and that 87 degrees is ap¬ 
proximately the degree of the maximum rate of development. 

The corrections for temperatures above 87 degrees are entered in 
column 8 and the corrected average effective temperatures (day- 
degrees) are entered in column 9. 

The day-degree is used as the thermal unit and is equivalent to 
a temperature of one degree lasting for one day. The product of 
the day-degrees above 52 degrees (column 7) by the periods (column 
4) are entered in column 10. It will be noted that they are nearly 
constant for the lower temperature, but increase as the higher tem¬ 
peratures are reached. 

The product of the day-degrees above 52 degrees diminished by 
twice the day-degrees above 87 degrees (column 9) are recorded in 
column 11. It will be seen that they are nearly constant for all 
temperatures. 

The average of these products is 240. 

The formula is C =■ P(T — 2t') in which C = constant. P = pe¬ 
riod in days, T = average day-degrees above 52 degrees and t = 
average day-degrees above 87 degrees. This formula is the equation 
of all hyperbola. Plotting the periods expressed in days against the 
effective day-degrees (T — 2t'), we have the points as represented 
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by the concentric circles. The curve through these points is an 
hyperbola whose equation is P(T — 2t') = C = 240. 

This constant (240) is the average of 3,817 observations. We 
may, therefore, conclude that it requires an average accumulation 
of 240 effective day-degrees to bring the codling moth through the 
pupa stage. The observed variations from this average in the case 
of individuals were very great, due in some cases, no doubt, to 
errors in observation and in part to individual differences, but for 
the most part to the fact that the day was used as the unit of 
time. By using the day as the unit of time the actual period might 
in some cases be nearly a day shorter than the observed period, and 
in other cases nearly a day longer. 

In midsummer the daily accumulation of effective day-degrees 
was sometimes as high as 27, so that the accumulation of day- 
degrees for some of the observed periods might be 27 day-degrees 
greater or less than for the actual period, or the average 240. 

The following table shows the range of variations: 


Number of individuals. Day-degrees. 

1.166 

1 .185-194 

4.195-204 

3.205-214 

110.215-224 

602. 225-234 

2238.235-244 

653. 244-255 

170.254-265 

18.264-275 

7.274-285 

7.284-295 

2 .294-305 


.Recorded accumulations of less than 205 or more than 275 were 
probably due to errors in observations; if we add 27 to the former 
and subtract 27 from the latter, we still have a variation of from 
232 to 248 due to individual differences, humidity or other causes. 
The equation for the pupal period may, therefore, be written as 
follows: 

P (T — 2t')= 240 ± 8. 

This paper was prepared merely to illustrate the method followed 
in determining the time-temperature factors, or the equation for 
the period. The method is applicable to the investigation of any 
stage of an insect. 

If the threshold of development and the degree of the maximum 
rate of development should be found to be the same for each of 
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the stages of a given insect, the constant of the equation for the 
whole period from the deposition of the egg to the emergence of 
the adult may be found by adding the constants of the equations 
of the stages, and, by making suitable allowance for the time which 
elapses between the emergence of the adult and the deposition of 
eggs, a formula for the whole life cycle of the insect may be de¬ 
termined. 

These equations may be of practical value in several ways. 

By computing the normal daily effective day-degrees in any lo¬ 
cality, the number of generations of the insect in that locality, and 
the normal dates on which the first eggs, or larva 1 , may be expected 
to appear in that place can be ascertained. If any part of the 
season should be abnormally cold or warm, the amount of retard¬ 
ation or acceleration in development can be computed by keeping 
a daily record of the effective day-degrees and comparing them 
with the normal temperatures. In this way we should be able to 
ascertain when the injurious phase of any insect pest is approach¬ 
ing long enough beforehand to enable us to take whatever pre- 
eautionary measures are necessary to avoid injury. 

* In the case of the codling moth, the dates when the larvae of each 
generation may be expected to enter the fruit can be determined 
long enough beforehand to enable the owners to apply the spray 
at the right time. 

How well this method of forecasting insect injuries will work out 
in practice only time can tell; however, the plan seems to be a 
feasible one, and one worth investigating. 
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Some Biological Notes on Philippine Zoology. 

BY FRANCIS X. WILLIAMS. 

T HESE few notes are very fragmentary and not all the data are 
derived from original investigations. They are set forth, how¬ 
ever, in hopes that the reader who has not visited the tropics will 
find something of interest in them. The writer has spent the total 
of about two years in the Philippines, chiefly at Los Banos, Luzon, 
and thus has become acquainted with some features of the natural 
history of this very rich locality. 


ANTS. 

It is quite evident that the ant is well off in the tropics. An 
abundance and variety of food, as well as great diversity of condi¬ 
tions, suit the needs of the multitude of its species and make this 
family of insects a most conspicuous one. Many ants are harmless, 
or even beneficial, while others are a great pest in the house or in 
the field. 

The well-known, red tree ant, (Ecophylla smaragdina Fab. (Cam- 
ponotinae) is occasionally a decided nuisance along the outskirts of 
the forest and in portions of cultivated districts near by. This ag¬ 
gressive insect has at least one thing in its favor, for while it bites 
viciously, it cannot sting. It is a tolerably large, long-legged crea¬ 
ture that lives on trees and bushes, where it constructs an ample 
ball-like nest of leaves spun together with the silk of its larvae, 
which are carried about by the workers as this silk is needed. 
(Ecophylla frequently swarms on tree trunks and foliage, and so a 
passer-by may unknowingly gather some up; of these a few will 
eventually and unnoticed gain a point of vantage on his person, as 
the back of the neck, and there bestow a vicious and startling nip. 
Certain homopterous bugs that produce honeydew are attractive to 
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these ants and protected by them, but other insects that are not 
thus useful, and that can put up a struggle, are subjected to a gruel¬ 
ling treatment before they succumb. And so it is not unusual to 
come upon some unfortunate bee or beetle stretched out, more or 
less tautly, as fire fighters hold a life net, by a circle of these ants, 
each steadily and relentlessly pulling on a leg or other portion of 
the victim’s anatomy. 

The large genus Polyrhachis is best represented in the forest. 
These ants also use silk in nest building, but usually mix in with it 
small debris of various sorts. A largo number of the species have a 
glossy appearance. Some make a sort of ball-like nest among the 
leaves of bushes; others will cover over a hollow, as the cut end of 
a bamboo, with a sheet of debris. Others still, often large species, 
will build on the trunks of trees, where the nests are placed in 
crevices or among the exposed roots. In these, the tubular aperture 
to the nest, with its soft, flexible rim, was found to bear fine, more 
or less inward-projecting hairs. Other nests may be high up upon 
tree trunks, and measure as much as a foot and a half long by about 
half as wide. They consist of a bulging sheet or curtain of silk, etc., 
secured along its margin to the tree trunk. I remember such a nest 
on the underhanging side of a tree with pale bark, and wdiich color 
it somewhat resembled. As the name implies, the^e insects are 
armed, more or less, and sometimes in quite a fantastic manner, with 
spines or hooks, which, as they will often stick into one’s fingers, 
may make capture rather awkward. Polyrhachis is only a fair 
nipper, but the offensives and defensives are effected mainly by 
raising itself upon its legs, curving the abdomen under and forward, 
and the squirting out a fluid. 

The myrmicine ants of the genera Solenopsis and Phidologeton 
can be very annoying insects, particularly during the wet season. 
Solenopsis geminata Fab., also known as the fire ant because of its 
smarting sting, is widely distributed in the tropics of both hemi¬ 
spheres. It is a rather small, yellowish-brown species that often 
swarm in the lowlands. In Phidologeton we have a genus of few 
species that appear more shade-loving than Solenopsis and which 
also live in very large colonies. The great majority of specimens in 
a nest are of small size, but the queens and the largest neuters or 
soldiers are comparatively immense. The ants ’arc great travelers, 
and their irregular columns, often encountered crossing a path, are 
sparsely though conspicuously sprinkled with the great polished 
soldiers. These big, lumbering creatures are not to be feared; it is 
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the army of little workers that must be respected, for they are of a 
vindictive nature and lose no opportunity of using their sharp 
mandibles. Phidologeton will occasionally invade houses here, and 
once in a while some of the occupants are driven out of bed. There 
is a record of a village in India having to shift because of these 
troublesome ants (“Fauna, British India, Hymenoptera,” II, p. 161, 
1903; Bingham quotes Rothney). The genus belongs to the Indo- 
Malayan region, and, like Solenopsis geminata, is largely granivor- 
ous. It is to be noted, then, that meat eaters are not always the 
fiercest. Pogonomyrmex , the aggressive and efficient stinger among 
ants in some of the more arid portions of the United States, is also a 
granivorous insect. 

While the ponerine ants are comparatively few and inconspicuous 
in the United States, this primitive subfamily is very well repre¬ 
sented here and contains some of the largest and commonest ants. 
Notwithstanding their superior size, in many cases they cannot cope 
against quite small, well-armed ants. This was noted in the genus 
Diacomma , and upon an invasion by such small ants, the former 
will grab bag and baggage, and, hurrying out of their nest, com¬ 
monly situated in a tree trunk, await the departure of the marauders. 
Besides, as is generally the case with the Ponerinsc, their colonies 
are small, and sting and jaws do not count for much against a 
superior number of small ants, especially when many of the latter 
discharge a very disconcerting fluid in their battles. 

The Dorylinac include the famous driver or legionary ants of the 
American and African tropics, that in their foraging marches clear 
the path of insects and other creatures. In the Philippines 1 have 
observed no such formidable ants, and the only representatives of 
this subfamily familiar to me are rather small, wiry black species 
of the genus ASnictw , that travel in narrow columns. The workers, 
although blind, inarch with order and great activity. They appear 
to prey on other ants. 

While still on the subject of ants, it would be well to consider 
briefly some habits of the rather large muscid flies, Bengalia sp. 
These are somber-colored insects of alert habits that hang around 
the passing columns of certain ants, very often those of Phidologe¬ 
ton . It is quite usual to see one or more of these flies perched right 
near the moving ants, and once in a while to approach a burdened 
ant, seize and snatch away its load and to consume it at a safe dis¬ 
tance. Bengalia, then, feeds upon the early stages of ants and 
whatever palatable food the ants may carry. Thus, a Phidologeton 
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army returning, laden mostly with soft, white ants or termites, was 
patronized by one of these flies. The burdens being large, however, 
necessitated several ant-carriers apiece, and thus made it rather 
difficult for Bengalia to operate. 

Among the numerous arthropods that resemble ants are various 
spiders. That some of these are more or less associated with the 
ants they resemble is beyond doubt, but the whole subject, I be¬ 
lieve, is still in a rather speculative stage. There are spiders that re¬ 
semble (Ecophylla; many, Polyrhachis; some, Diacamma and others. 
This resemblance is often excellent, though one will learn quickly 
to differentiate ant and spider. The latter usually has much the 
better vision of the two, and so if disturbed will wheel about sharply, 
very unlike an ant. Spiders have four pairs of legs, and these ant- 
resembling species, in what suggests to us an endeavor to mimic 
antennae, will wave the first pair of legs, also unlike an ant. While 
these spiders are slender, and, like ants, properly constricted, the 
large chelae do not much resemble the jaws of ants. They have 
somewhat the habits of attid spiders. 

SOME BUTTERFLIES. 

Butterflies are not all children of the light. The tropics possess 
a number of species that are addicted to a night life, or that at least 
avoid the sunlight—mainly somber-colored insects that belong to 
the families Hesperiida) (or skippers) and Satyridae—and elsewhere 
they may be seen at sunset, or perhaps earlier on dark days, and 
sometimes also before sunrise, flying about, feeding or laying their 
eggs. I have found them coming to light but rarely, and it seems 
probable that they are not so active when the night is far advanced. 

The largest of these crepuscular species that I have observed is 
the coconut nymplialid, Amathvsia phidippus Johanssen, a graceful 
brownish insect with a wing expanse of about four inches. The 
larva eats the leaves of the banana, the cocoanut, and probably of 
other palms. 

The banana leaf roller, Erionota thrax Linne, is quite a large 
skipper butterfly, whose larva makes a retreat of a strip of banana 
leaf, which it cuts away from the edge and more or less parallel to 
the midrib and rolls up as a wide ribbon. When it has outgrown or 
consumed most of this roll, it constructs another and larger one 
and pupates in the last one made. The larva is covered with a 
mealy white substance. 

A skipper even larger than the banana leaf roller, and also prob- 
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ably crepuscular, lays its eggs on the rattan {Calamus), a species of 
thorny and climbing palm. The larva is covered with a flocculent 
white material. It pupates in a neat retreat of rolled-up leaflets. 
The sensitive pupa even when gently disturbed, will so move as to 
produce what is at first a rather startling, whirring or scraping noise. 
Other large skippers feed also on palms, on plants of the ginger 
family, and on Araliacese. 

The largest as well as one of the handsomest of the day butter¬ 
flies is the bird-wing butterfly, Ornithoptera nephereus G. R. Gray, 
with colors chiefly velvety black and brassy yellow, and a wing ex¬ 
panse of about six or six and a half inches. Though a fine insect, 
it is by no means the largest nor the handsomest of the genus. It is 
found in the lowlands to some distance up in the forest. The larva 
feeds on a species of Aristolochia or “Dutchman’s pipe vine,” which 
it shares with Papilio antiphus Fabricius, a much smaller, mostly 
black butterfly. The larvae of these two species, as well as that of 
Papilio philenor Linn of North America, resemble one another some¬ 
what in that they have fleshy processes on the body. The pupae also 
are swollen at the sides much more than any other pupae of Papilio 
that I know of. 

The genus Ornithoptera is sometimes considered a subgenus of 
Papilio, and ranges south, well into Australia. 

FIREFLIES. 

We have fireflies with us practically throughout the year. This 
is in striking contrast to the comparatively brief season of the adult 
beetles in the United States. But there is this much to be said in 
favor of the latter. I have seen no Luzon island lampyrid that 
equals in brilliancy the light that is emitted by Photuris penmyl- 
vanica of the Eastern United States. 

There are quite a number of species found in this portion of the 
Philippines. Some have a weak luminosity, while others are quite 
brilliant, and it is a common thing to see a whole bush or crown of 
a tree sparkling like an old-fashioned Christmas tree, with hundreds 
of these insects. Such trees, especially when isolated, are visible 
from quite a distance. 

While the larvae of fireflies, being luminous themselves, are not 
difficult to find, I do not believe that many Philippine species have 
yet been associated with the adults. I have found some, as related 
by Fabre in Europe, devouring snails within their shells, the victim 
having been overcome on some bush or on the ground. In the 
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United States the larva of the genus Phengodes is known to feed 
upon myriapods. Here at Los Banos is a related insect with a sim¬ 
ilar prey. I have kept some of the larvae in captivity and fed them 
living myriapods of at least two species, and have several times seen 
the beetle larva overcome its large prey. It would grasp the myria¬ 
pod by an antenna, and while its victim might struggle violently, 
the sharp mandibles of the aggressor seemed eventually to pierce the 
antenna and to discharge through it a quieting fluid. At any rate, 
the prey is rendered helpless without further biting, and its interior 
hollowed out by the voracious larva. 

OTHER THAN INSECTS. 

One concerned chiefly with the study of insects cannot, however, 
fail to secure an interest in other invertebrates, as well as verte¬ 
brates, that come to his notice. 

The land leech is one invertebrate with which those who explore 
the mountain woods in damp weather soon become acquainted. If 
the leech feeds solely on blood, it must possess great powers of fast¬ 
ing. It is a tough, wormlike creature, often adorned with brilliant 
stripes, and that measures in the neighborhood of an inch in length. 
It is furnished with an anterior and posterior sucker, by the use of 
which it travels much after the fashion of certain moth caterpillars 
known as inch worms or loopers. It is very alert to a footfall, and 
from some little distance, conscious of the presence of man or beast. 
Perched on an herb or in the middle of a trail, and raised up on its 
hind sucker, it is quick to grasp a passing leg with the anterior 
sucker and climb on. Other leeches in the vicinity may wave their 
head end, or move along in haste in search of this prospective meal. 
Once aboard, the hungry leech seeks to make a puncture in the 
skin. This may be a difficult matter in the case of a human being 
whose legs are well wrapped in cloth puttees, or else very easy if 
leather leggings or none are concerned. Firmly affixed, it becomes 
so filled with blood as to present a very rotund and inactive appear¬ 
ance, and eventually to drop off. The leech, however, is on the 
whole much more disgusting than painful, as in fact one may not 
become aware of its work until it has dropped off, full fed. lake 
the hobo, the leech does not relish soap, and the barefooted native 
keeps this in mind and secures partial protection by rubbing it on. 

Most people look upon the crab as a denizen of the sea, or at least 
as an inhabitant near the seashore. However, rather small-sized 
crabs inhabit fresh-water streams near Los Banos, and I have found 
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them from two to three miles up such watercourses, the latter flow¬ 
ing into a large lake. One of these crustaceans was dug out of a 
decayed log along a stream at an altitude of perhaps 700 feet on 
Mount Maquiling. 

Tailless amphibians are numerous on Mount Maquiling, and may 
occur at a considerable distance from permanent water. A quite 
large species with much of the general appearance of our tree toads 
patronizes suitable vegetation, and is not averse, on occasions, to 
visiting houses. Along the streams are large frogs which probably 
do not equal our famous bullfrog (Rana catesbiana) in average 
size. They are very neat and fearless divers, and take surprising 
headers, from some well-chosen point, into the pool, many feet 
below. 

Of lizards, skinks are the most noticeable, as they scurry away at 
your approach and rustle among the leaves. They are fond of sun¬ 
ning themselves along the sides of paths. Some are over a foot long 
and rather stoutly made. Very small lizards, presumably young 
skinks, are often plentiful in the forest. A species of Draco, or fly¬ 
ing lizard, seems to occur chiefly in the lower portions of the forest. 
Its parachuting power is secured through the extension of its ribs 
beyond the body proper, so that a wide sailing surface can be pro¬ 
duced. This expanded area is somewhat gaudily colored and visible 
only when the lizard is in “flight,” for when at rest the ribs are 
pressed alongside the body. Then the skinny and harmless little 
creature shows nothing of its aeronautic propensities. It is arboreal, 
and sails from one tree to another in an easy descent, making a 
graceful upsweeping landing. Despite such powers, these lizards do 
not appear to wander far, as I have seen them patronizing the same 
tree for months. 

Coming to grosser lizards, the monitor lizard (Varanus salvator 
Laur.) is noticeable for its large size and noisy haste when alarmed. 
It reaches a length of several feet and is pretty well at home in the 
water, on land or up in a tree. It no doubt consumes a variety of 
food and has quite a reputation as a chicken thief. 

While snakes are common here, they are not to be found on every 
occasion, and large ones are somewhat of a rarity. Pythons (Python 
reticulatus Schneid.) occur in this region, and several years ago two 
soldiers shot a specimen about twenty-four feet long. Such exam¬ 
ples are few and far between. 

Of birds, the red jungle fowl (Gallus gallus Linnaeus) much like 
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some of our smaller domesticated chickens, may be heard crowing 
in the forest far from human habitation. However, they not infre¬ 
quently associate with the tame fowl. 

There are some very gaudy kingfishers in the woods. While some 
favor streams, others may be found in the dense woods and must 
be largely insectivorous. 

There are no large carnivorous animals here. Mount Maquiling 
has its full share of wild pigs, deer and monkeys. Any of these may 
during the night come quite close to human habitations and inflict 
minor damages to crops. Monkeys travel in companies among the 
trees and feed upon the abundant fruits. They are not especially 
noisy and their tails do not appear at all prehensile. A powerful 
but rare eagle, Pithecophaga jeffcryi Grant, is known to prey upon 
monkeys in the Philippines. 
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Notes on Nesting of Polistes (Hymenoptera, Yespidae ). 1 

BY DWIGHT ISELY, 

Department of Entomology, University of Arkansas . 2 

B Y FAR the most abundant paper wasp in northwest Arkansas 
is Polistes metricm Say. 8 Its nests can be found almost any¬ 
where attached to trees or shrubbery or under the eaves of buildings. 
They are often quite numerous. As, for instance, along a stream for 
a distance of about three hundred yards the writer counted twenty- 
two nests early in May, 1921. In a small block of apple trees, 
somewhat less than an acre in extent, seven nests of this species were 
noted in October of the same year. About premises of the insectary 
of the United States Bureau of Entomology at Bentonville, Ark., the 
same season, five nests were built. 

The following notes relate largely to one of these nests which was 
built just outside of the screen, and under a shutter, of the insectary, 
conveniently situated for observation from within, where complete 
immunity from stings could be enjoyed. The history of the nest is 
as follows: 

The stem of the nest was begun May 18 by a female wasp. On 
May 20 three cells were started, and three more were begun the next 
day. As soon as the base of each of these cells was built, an egg was 
deposited in it; thus six eggs were deposited in two days. From now 
on cells were added less frequently, but considerable time was given 
to enlarging those already started. On May 23 two more cells were 
started, and the walls of one of the first cells were 8 mm. long. Two 
more cells were added May 28. An egg was deposited in one of 
these, but not in the other until May 30. This marks the end of the 

1. Published with permission of the Secretary of Agriculture. 

2. Formerly with U. S. Bureau of Entomology: Deciduous Fruit Insect Investigation. 

3. Determined by Mr. S. A. Rohwer, 17. S, Bureau of Entomology. 
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first stage in the history of this nest. No more cells were added un¬ 
til near the time of maturity of the offspring. 

Hatching began May 30 with the three eggs which had been de¬ 
posited on May 20. Two eggs deposited on May 21 hatched on May 
31 and one on June 1. The incubation period of five eggs was ten 
days and of one eleven days. Records of incubation were not com¬ 
plete for the other eggs, but they required about the same time. 

The wasp larvae grew rapidly, but at an unequal rate. This was 
apparently due to the fact that some were favored in feeding. The 
first grub spun the cap, closing its cell for pupation June 9, and the 
other cells of the first-hatched larvae were closed June 1, 13, 15, 17 
and 21, and July 9, making the larval period vary from ten to 
thirty-eight days. In contrast to this extreme variation, the period 
required for pupation was exactly eighteen days in all instances, the 
wasps maturing on June 27, July 1, 3, 5, 9 and 27. All were females. 

For two days after emergence from its cell the first wasp stayed 
on the nest. After that it began going to the field, and soon was 
doing most of the field work; that, is, bringing in paper for nest 
building and partially crushed insects for larval food. Caterpillars 
were apparently the most frequent prey. The parent wasp stayed 
at home, received supplies from the worker, and at first did most of 
the feeding of the larvae and actual adding to the nest. As the num¬ 
ber of offspring increased, there were always several on the nest 
ready to meet a field worker and unburden it of its supplies. The 
field workers also often engaged in feeding the grubs. 

Shortly before the emergence of her first offspring, on June 21, 
the parent wasp began three new cells and deposited eggs in them. 
Three more cells were started on June 27, afid from then on building 
progressed rapidly. By July 10 there was a total of thirty-one cells 
in the nest, and all of the cells vacated by maturing wasps were 
renovated and eggs were again placed in them. At the close of the 
season a total of eighty-two cells had been built. 

This nest seemed to be fairly representative for rate of growth 
and size. Two other nests which were started about the same time 
were observed occasionally. On July 9 one had three wasps and 
fourteen cells; the other had six wasps and twenty-four cells. At 
the end of the season they had' seventy-four and 102 cells, respec¬ 
tively. The total number of wasps in any of the colonies was not 
definitely known. 

The first male wasp appeared August 12, and after this for at 
least three weeks there was a large emergence of drones. The time 
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of appearance of the first sexually mature females was not noted. 
The males did not go afield with the regularity of the females, but 
spent most of their time on the nest, so that they made up the 
greater proportion of wasps on the nest during the day. These 
males were apparently waiting on the nest for the emergence of 
sexually developed females. What was probably a preliminary to 
mating was observed twice. As a female wasp was emerging from 
her cell she was pounced on by a male and then by all the males on 
the nest. This mass of wasps fell in a ball to the ground. When 
disturbed by the writer, they separated. Mating was not observed. 
A similar performance was noted at another nest later in the month. 

.Observations were not made regularly after this time, the writer 
having left Bentonville, but by the middle of October all males had 
left the nest. A large number of females still collected there, but all 
the brood had emerged and all activity had ceased. 

Considerable opportunity was offered to observe the workings of 
the sense of direction, or rather the apparent lack of any such sense. 
When the colony consisted of only a few individuals all of the wasps 
apparently depended on local observations for finding their way to 
their nest. Any change in the insectary shutters was confusing to 
them. The oldest of the workers, when returning from the field, was 
observed to alight on the shutter about a foot below and two feet to 
the north of the nest. She would run on a horizontal line below the 
nest and continue until she was about six inches past it, when she 
would turn at a sharp angle and go directly to the nest. This path 
was always followed unless the shutter was tampered with, when 
the wasp could scarcely find the nest at all. None of the other 
wasps followed this same path, but each apparently had its own 
system. 

The overwintering queens of Polistes are sometimes gregarious, a 
number of them starting a colony together in the spring. I have 
never observed them working together in building an absolutely 
new nest, but on several occasions I have seen a small number— 
never more than seven—of overwintering queens renovate a large 
nest left from the season before and start a colony together. This 
probably accounts for the very large nests of several hundred cells 
that frequently are found. These exceedingly numerous colonies 
were much more pugnacious than the small colonies. In fact, colo¬ 
nies of but a few wasps are inclined to be shy rather than pugna¬ 
cious. 
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Five New Species Belonging to the Genus HarmoliUi 
Motschulsky. 

(Isosoma Walker et Auct.) 

BY W. J. PHILLIPS AND F.% W. POOS, 

United States Bureau of Entomology, Charlottesville, Va. 

T HREE of the five species described in this paper (viz., swczeyi, 
panici and phalaridis) would fall within the genus Harmolita 
as restricted by Phillips and Emery. 2 Grahan 3 has more recently re¬ 
defined the genus, however, and fill five of the new species plainly 
fall within the limits as he has defined them. 

At the time this genus was revised by Phillips and Emery, the 
senior author had seen only a few specimens of H . cinnce (n. sp. de¬ 
scribed herewith), and since the species differed somewhat from the 
usual type of Harmolita, he did not consider it advisable to broaden 
the scope of the genus to include this species. Since that time sev¬ 
eral similar species have come under observation and they seem to 
be more closely related to Harmolita than to Eurytoma from a bio¬ 
logical standpoint, as well as from the standpoint of external char¬ 
acters and the character of the ovipositor. The writers fully agree 
with Gahan that it is more advisable to include these species in the 
genus Harmolita than to erect a new genus for their reception. 

The principal characters assigned to the genus by Gahan are as 
follows: Abdomen of female elongate, conical or subfusiform, with 
segments more or less subequal, the fourth segment (when prop- 
odeum is considered a thoracic segment) never greatly enlarged as 
in Eurytoma. Occiput slightly concave and immargined. Antenna* 
inserted at or above middle of face; flagellum weakly elavate; 

1. Order Hyrnonoptera, family Eurytomid®. 

2. U. S. Nat. Mus., vol. 65, pp. 443-471, plates 89-48. 

8. Proc« U. S. Nat. Mus., vol 61, 3922, art. 24, p. 7. 
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funicle usually five-jointed and club three-jointed, though in some 
cases funicle is six-jointed and club two-jointed. Propodeum not or 
scarcely longeij than scutellum, not sharply declivous, usually 
rugosely sculptured; with a more or less distinct median, longi¬ 
tudinal depression. Sculpturing of head and dorsum of thorax either 
reticulate and shining, rugulose punctate without umbilicate punc¬ 
tures or rugulose with a few more or less indefinite umbilicate punc¬ 
tures. 

Prof. C. R. Crosby, of Cornell University, kindly placed his speci¬ 
mens and notes on H. phalaridu at the disposal of the writers. Pro¬ 
fessor Crosby found that this species has two generations a year, 
each generation confining itself to Phalaris arundinacea . The re¬ 
maining species were reared from dried grasses collected in the field. 
No further observations on their biology have thus far been made. 

Acknowledgment is made to Mr. A. B. Gahan of the United States 
National Museum for his kindly criticism of the manuscript. 

Harmolita swezeyi, n. sp. 

(PI. XXXVI, figs. 2 and fi; pi. XXXVII, 7 ) 

Fcmalf \ Length, 2.90 mm. Prescutum reticulately lmeolate and without 
broad, shallow impressions or umbilicate punctures. Pronotal spots large, 
occupying about one-half of the anterior margin of prothorax, spots dull 
yellowish. Sometimes entire thorax and propodeum brownish. Propodeum 
without a distinct margined, median, longitudinal groove, though there is 
usually a distince median longitudinal depression. Propodeum rugulose an¬ 
teriorly and usually granulose in the remaining portion Spiracular carinae 
usually distinct but weak. Abdomen equal to or slightly longer than head and 
thorax combined; conically pointed; second segment equals one-fourth length 
of abdomen; remaining segments subequal, though five is longest and three 
shortest. Legs in black specimens are black except at knees and tarsi, which 
are luteous; in brownish specimens the legs approach the color of the thorax, 
knees and tarsi lighter. 

Antennai: Funicle five-jointed; first funicle plus ring joints longer than 
pedical; all of funicle joints usually distinctly longer than broad; middle joint 
of club apparently quadrate; scape and pedical yellowish. 

Species medium to small. Median lino of face below insertion of antennae 
without markings. 

Males . Unknown. 

'Phis species will run to the couplet separating agrostidis and web&teri in the 
Phillips and Emery table of species, but may be readily distinguished from 
either species by the yellowish scape and the longitudinal depression in the 
propodeum. 

Type locality. Honolulu, Hawaii. 

Type. Cat. No. 25,471, U. S. N. M. 

Described from thirteen females reared from stems of Bermuda grass 
(Cynodon dactylon ), in Honolulu, Hawaii, by Mr. 0. H. Swezey. 
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Harmolita panici, n. sp. 

(PI. XXXVI, fig«. 7 and 8; pi. XXXVII, figs. 6 and 8 ) 

Female. Length, 3 mm. Prescutum rugulose; pronotal spots small, occupy¬ 
ing one-half or less of the anterior dorsal margin of the prothorax; spots dull. 
Propodeum with or without a distinct continuous, median, longitudinal groove, 
though there is a distinct indication of a groove anteriorly; if groove is con¬ 
tinuous it is faint and very shallow, and not very clearly margined; rugulose 
within and laterad of groove. Abdomen rather slender; longer than head and 
thorax combined; second segment comprising one-fourth to one-fifth length of 
abdomen exclusive of 1; 3 shortest; 4, 5 and 6 approximately the same length. 
Legs black except tarsi, knees and the lower face of the front femora, which 
are luteous. 

Antennae: Funicle five-jointed; first segment plus ring joint slightly longer 
than pedicel; first and second segment about equal in length; 3, 4 and 5 about 
equal in length, but each shorter than either 1 or 2; all segments longer than 
broad. Antennae black; median line of face below insertion of antennae without 
markings. 

Species small to medium 

Male. Length, 2.51 mm. Prescutum as in female. Pronotal spots minute, 
scarcely visible from above. Propodeum without a distinct median groove; 
rugulose. Petiole granulose, .somewhat shorter than hind coxa*. Legs colored 
as in female except that front femora are darker. 

Antennae: Scape almost same width throughout, as seen m lateral profile, 
with no distinct shoulder near distal extremity. First, second and third 
flagellar joints with two to three annulations at distal extremity; bristles nu¬ 
merous and short, scarcely half the length of the segments. 

The individuals of this species without the propodial groove run to couplet 
14 in the Phillips and Emery table of species, but can be easily separated from 
hordei by having the legs not red, and from tritici by being a smaller species 
und the sculpturing being much smoother. The individuals that have the 
propodial groove run to couplet 18, in which vagimcola and secahs are sepa¬ 
rated. Both of these species are longer and more coarsely sculptured; vagmi- 
cola has yellowish antennal scapes and the propodeum of neraUit is granulose, 
which will easily separate them from panici. 

Type locality. Charlottesville, Va. 

Type. Cat. No. 25,472, U. S. N. M. 

Described from three females and one male reared from stems of Paul cum 
cUmdentinum at Charlottesville by the junior author. 

Harmolita phalaridis, n. sp. 

(PI. XXXVI, figs. 6 and 9; pi. XXXVII, figs. 1 and 2.) 

Female. Length, 3.70 mm. Prescutum reticulately lineolate with numerous 
broad, shallow impressions; very few such impressions on pronotum, but scu- 
tellum is quite thickly pitted. Pronotal spots bright and large, occupying 
about two-thirds anterior dorsal margin of prothorax. Propodeum with a dis¬ 
tinct, continuous, median, longitudinal groove, which is usually margined; 
usually deep throughout, though often shallow posteriorly; numerous cross 
rug® within groove, but no indication of central carina; very rugulose laterad 
of groove; spiracular carin® prominent and spiracular area usually well de- 
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fined. Abdomen same length as head and thorax combined; segments 3 and 5 
about of equal length; 4, 6 and 7 about equal in length and each usually longer 
than either 3 or 5. Legs: All knees, tibiae and tarsi usually reddish brown, 
femora blackish. 

Antennae: Fumrle five-jointed; first funicle joint plus ring joint about twice 
as long as pedicel; first joint of funicle slender and same size throughout, the 
distal tip somewhat flaring; all of funicle joints distinctly longer than broad; 
club joints also longer than broad; antennae black and very slender. 

Species medium in size. 

Male. Length 2.60 mm. Prescutum as in female, but there are few thor¬ 
acic punctures; pronotal spots large and bright. Propodeum with or without 
a groove; groove when present is often rather poorly defined; propodeum 
usually very rugose, though it may sometimes be granulose; spiracular area 
usually well defined. Petiole usually about twice as long as broad, granulose 
and extends beyond the tip of the coxae. Legs: All knees and tarsi testaceous; 
front tibiae usually reddish brown. 

Antennae: Flagellum with peticel longer than head and thorax combined; 
hairs on first flagellar joint approximately same length as those on last joint; 
last joint bears a slender tubercle at end about twice as long as broad. Scape, 
exclusive of base, a little over twice as long as broad, broadest about center, 
as seen in lateral profile; scape as seen in lateral profile nearly twice as broad 
as first flagellar joint. There lire four or more annulations at each articulation 
of the flagellum. 

This species runs to detetylicola in the Phillips and Emery table of species, 
but the females may be separated by the following characters: II. phalaridis 
has more densely pitted scutellum; propodeum more rugulose; groove deeper 
and same width throughout; spiracular carinse more prominent; tibiae usually 
reddish brown; first funicle joirft of antennae cylindrical, very slender and 
distal extremity somewhat flaring at tip. All segments of antennae more slen¬ 
der than in dactylicola. 

Type locality. Ithaca, N. Y. 

Type. Cat. No. 25,473, U. S. N. M. 

Described from many males and females reared from stems of Phalam 
arundinacea collected at Ithaca, N. Y., by Professor Crosby and the junior au¬ 
thor, and from specimens reared from stems of Phalanx sp. collected at Elk 
Point, S. Dak., by Mr. C. N. Ainslie of the U. S. Bureau of Entomology. 

Harmolita cinna\ n. sp. 

(PI. XXXVI, figs. 3 mid 3; pi. XXXVII, figs. 3 and 4.) 

Female. Length, 3.80 mm. The whole thorax somewhat rugulose and more 
or less distinctly umbilicately punctured, the punctures shallow and usually 
not well defined; prescutum sometimes not umbilicately punctured in anterior 
third; pronotal spots small, occupying about one-third anterior dorsal margin 
of pronotum, visible from above. Propodeum with a deep, margined, con¬ 
tinuous, median, longitudinal groove of medium width; groove with numer¬ 
ous cross rugae and usually with a central longitudinal carina; very rugulose 
laterad of groove; spiracular area usually well defined, though sometimes the 
spiracular carinae are weak. Abdomen equal to or slightly longer than head 
and thorax combined, and almost as pointed as the average HcurmoHta; seg- 
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ment 2 occupies between one-third and one-fourth the length of abdomen; 
segments 3, 4 , 5, 6 and 7 approximately equal in length. Legs often variable 
in color; sometimes the legs are black throughout except the knees, front 
tibiae and all tarsi, which are luteous; perhaps more often the basal third to 
half of front and middle femora and basal two-thirds of hind femora blackish; 
all tibiae, knees and tarsi almost reddish brown. 

Antennae: Funicle five-jointed; club three-jointed; first funicle joint plus 
ring jointly nearly twice as long as pedicel; all segments longer than broad; the 
first two funicle joints longest, the remaining ones of approximately the same 
length. Antenna? black. Median line of face below insertion of antennae 
slightly elevated; dorsally it appears almost carinate 

Species medium to large. 

Male. Length, 2.90 mm. Sculpturing of thorax very much the same as m 
female, except that the umbilicate punctures are not nearly so distinct; pro- 
notal spots very small, often scarcely visible from above. Propodeum variable; 
there may be a deep, rather broad, margined, median longitudinal groove, 
very rugulose within and laterad of groove, or the groove may not be con¬ 
tinuous and shallow, and it may be granulose within and laterad of the groove. 
In the latter case the petiole is usually granulose; when the propodeum is 
very rugulose the petiole is usually somewhat rugulose. Petiole long, slender; 
the tip of the hind coxae often extending only to about the middle of petiole. 
Legs colored as in female. 

Antennae: Longer than head and thorax combined; scape as seen in profile 
thickened somewhat at center; no distinct club; first segment of flagellum 
approximately as long as scape; the remaining segments about of equal length; 
segments excised with about three annuktions at the distal extremity of all 
except distal segment. 

Type locality. Youngstown, Ohio. 

Type. Cat, No. 25,474, U. S. N. M. 

Described from many females and eight males reared from stems of China 
arundinacece collected at Youngstown, Ohio, by Mr. W. T. Emery and at Niles, 
Ohio, by the junior author. 

Harmolita phalaricola, n. sp. 

(PL XXXVI, figs. 4 and 10; pi. XXX\ II, fig. 5 ) 

Female. Length, 3.52 mm. Prescutum somewhat rugulose, and the whole 
thorax bearing numerous but rather indefinite umbilicate punctures. Pronotal 
spots dull, minute, scarcely visible from above. 

Propodeum with a distinct, continuous, deep, medium to narrow longitudinal 
median groove; groove not distinctly margined throughout; very rugulose 
within and laterad of groove; spiracular area not clearly defined by spiracular 
carinas. Abdomen short and thick, approaching ovate; slightly shorter than 
head and thorax combined; segment 2 occupying between one-third and one- 
half dorsal length of abdomen; segments vary in length as is common in 
Harmolita, due to telescoping of segments when the insects die; 3 and 4 often 
nearly same length; 5, 6, and 7 often about same length, but shorter than 
either 3 or 4. Legs: Basal half of front and basal two-thirds of middle and 
hind femora black; remaining portion of legs usually reddish brown. 
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Antennae: Funicle apparently six-jointed and club two-jointed; first funicle 
plus ring joint about twice the length of the pedicel; segments 4,5 and 6 about 
quadrate; club joints nearly quadrate also. 

Species medium to large. 

Males. Unknown. 

Type locality. Elk Point, South Dakota. 

Type. Cat. No. 25,475, U. S. N. M. 

Described from ten females reared from stems of Phalaris sp. collected at 
Elk Point, S. Dak., by C. N. Ainslie of the United States Bureau of Ento¬ 
mology. 
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PLATE XXXVI. 

1. Ovipositor of H. cinnce. 

2. Ovipositor of II. swczcyi. 

3. Propodeum of H. cinnce. 

4. Propodeum of H. phalaricola. 

5. Propodeum of H. swezeyi. 

6. Propodeum of //. phalaridia. 

7. Propodeum of //. panici. 

8. Ovipositor of II. panici. 

9. Ovipositor of II. phalaridis. 

10. Ovipositor of H. phalaricola. 
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PLATE XXXVII. 

1. Antenna of the male of //. phalaridis. 

2. Antenna of the female of JL phalaridis 

3. Antenna of the male of H cinna 

4. Antenna of the female ol // ctnnce. 

5. Antenna of the female of //. phalaricola. 

6. Antenna of the male of H. panici. 

7. Antenna oh the female of //. sirezeyi. 

8. Antenna of the female of //. panict. 
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The Urinary System of Phlegethontius sexta Johan. 
(Lepidoptera). 

BY Q. H. VANSELL. 

(Contribution from the Zoological Laboratory of the University of Kentucky.) 

P HLEGETHONTIUS SEXTA Johan., commonly known as the 
southern tobacco worm, is used in many laboratories for mor¬ 
phological study material. The paper of Alvah Peterson, published 
in the September number of the “Annals of the Entomological So¬ 
ciety of America, 1912,” treats the general anatomy of Protoparce 
Carolina Linn., but the Malpighian tubules are not shown in his fig¬ 
ures as fully as some other parts. If the conditions shown in the 
figures accompanying this paper differ from those found by Peterson 
in his work it may throw some light on the proposed synonomy of 
the species in question. 

Malpighian tubules are usually two in number, or in multiples of 
two, and in most cases they empty directly, or through a bladder, 
into the intestine. In the larvae of Microgaster, Koulagin found that 
they open dorsally on the outside of the body on each side of the 
anus. Those of Phlegethontius sexta Johan, empty into the small 
intestine. 

The specimens used for dissection in this work were killed in va¬ 
rious ways. Some were dropped into a solution of 50 per cent alco¬ 
hol, 48 per cent water, and 2 per cent formalin. Immediately after 
death they were removed and the body wall split to allow the free 
passage of the preservative to the inside organs. At the time of use 
these specimens were further hardened by adding a solution of picric 
acid and chloral hydrate. Others were dropped into Bouin’s picro- 
formol mixture, and later run up through alcohols. Various stains 
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were used upon that material which was imbedded for sectioning. 
Borax carmine and Delafield's hemotoxylin seemed to give the best 
results. 

The Malpighian tubules of Phlegethontius sexto, are six in number 
and of a light yellowish color. Four of these are located largely 
laterodorsally to the intestinal tract, the other two being ventrally 
situated. Each tubule is apparently free at the end distad from the 
bladder. There are two bladders, located one on each side between 
the ventriculus and the small intestine (fig. 2), and just posterior to 
the ventriculus they empty separately into the small intestine 
through short, smooth tubes (fig. 3). From the opposite end of 
either bladder a tube arises which runs dorsally and branches im¬ 
mediately into two; one of these tubes runs ventrally and forward, 
the other dorsally, and this one divides into two more as it nears 
the top of the ventriculus. These six tubes run forward toward the 
head and turn back posteriorly at about the second abdominal seg¬ 
ment, as shown in figures 5 and (i. Posterior to the bladders all 
these tubes interweave with the adipose tissue until they lose their 
identity. 

On high magnification the tubes present an interesting appear¬ 
ance, in that each one is covered with small nodules. These nodules 
become more numerous on the tubes the greater the distance from 
the connection with the bladder, until at the distal ends the nodules 
are very closely crowded together (figs, 7 and 8). Trachea) run to 
the tubes and branch into invisible threads upon the surface of the 
nodules (fig. 9), 

Both the nodules and the tubes are holjow, and an opening from 
each nodule leads into the tube, making a continuous cavity to all 
parts (figs. .10, 11 and 12). The exact histological nature of the 
tubes is very hard to determine on account of their delicate nature. 
The figures showing these structures are not shown here, for more 
work is being done upon them and a later paper will appear. 
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PLATE XXXVIII. 

Fig. 1 . Dorsal view of the region into which the Malpighian tubules empty. 
bl, bladder; dd, Dorsal duct; ve, ventriculus; si, small intestine. 

Fig. 2. Ventral view of the same region, bl, bladder; cd, common bladder 
duct; vd, ventral duct; dd, dorsal duct; n, nodule on the Malpighian tubule; 
si, small intestine. 

Figs. 3, 4, Lateral view, showing the left and right sides of the intestine 
with the bladders and ducts, vp, ventriculus; si, small intestine; bl, bladder; 
o, duct opening into the small intestine. 

Fig. 5. Dorsal view of the ventriculus, showing the arrangement of the 
Malpighian tubules. 2nd, second abdominal segment ; 9th, ninth abdominal 
segment; xx, region in which the free ends of the Malpighian tubules and 
the adipose tissue interweave into a dense mass. 

Fig. 6. Ventral view of the ventriculus, showing the arrangement of the 
Malpighian tubules. Labels as in figure 5. 

Fig. 7. Malpighian tubule^. under the microscope, showing the nodules. 
This piece of the tube occurred just posterior to where a dorsal tube turns 
caudad. t, tubule; n, nodule. 

Fig. 8. Section from the Malpighian tubule toward the distad end, just 
anterior to the highly convoluted area. The nodules are quite numerous here 
and the tube thickened, t, tube n, nodule. 

Fig. 9. Highly magnified portion of the tubule, showing the disappearance 
of the tradfis on the nodules, n, nodule; t, tube; tr, trachea. 

Fig. 10. Cross section of tubule. 

Fig. 11. Cross section of tubule and nodules. 

Fig, 12. Longitudinal section of tubule and nodule. 
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A Brief Resume of Investigations Made in 1913 on 
Trogoderma inclusa Lee. (a Dermestid). 

By ADOLPH H. BEYER. 

T HE work herewith reported was undertaken at the suggestion 
of Prof. S. J. Hunter, who had received complaints concerning 
damage to leather horse collars. The damage consisted in more or 
less numerous perforations of the leather by some insect, which 
injury interfered seriously with the marketability of the manu¬ 
factured goods. It became my task to determine the insect causing 
the damage, the source of infestation, and the methods of con¬ 
trolling the pest. The investigations were made in 1913, but are 
reported here for the first time. 

NATURE OF THE INJURY TO THE HORSE COLLARS. 

The leather of the infested collars has the appearance of being 
perforated with numerous little round holes about the size of a pin¬ 
head. The insects reared from infested collars proved to be der¬ 
mestid beetles belonging to the above-named species. The insects 
hatch in the rye straw used in filling the collars, and the larva* live 
upon the grain left in the straw. As the larva' develop to within a 
month of the adult stage, they approach the outside of the collar 
and emerge by eating holt's through the leather of the collar. 

A number of firms engaged in the manufacture of collars have 
reported damage of this character. One firm in Texas writes: 
“We wish to state that five or six years ago we had trouble of this 
kind owing to the fact that we were using rye straw with lots of 
grain still in the straw, and small worms or insects would bore 
through the leather into the collar to get at the grain. We had very 
little loss, as we soon found out the trouble, and therefore quit 
using straw that had any grain in it at all.” 


(373) 



374 The University Science Bvumm , 

Two or three firms securing straw from a grower near Lawrence, 
Kan., reported serious trouble. An examination of one factory re¬ 
vealed fifty per cent of the collars infested. Upon examining the 
floor, walls and window and door casings, the cracks were found to 
contain many adult beetles, which in all cases were dead. The 
light and heat of the sun had a marked influence upon the distribu¬ 
tion and development of the insects, as the collars near the south 
windows were more seriously damaged, the injury decreasing 
gradually as one neared the north side of the building. 

SOURCE OF INFESTATION. 

Since injury was reported from manufacturers using straw grown 
near Lawrence, Kan., it appeared possible that the straw might have 
been infested before it was shipped to the factories. An investiga¬ 
tion was made first at the ranch where the rye straw was grown. 
It was found that the sheaves were stacked up in the barns to con¬ 
serve the value of the straw for collar-stuffing purposes, and during 
the winter months a specially made thresher was used in removing 
the grain from the head of the sheaf without cutting the band. After 
the rye bundles were threshed they were baled, being compressed 
and tied with wire ready for shipping to the collar factory. I found 
no trace of the insect about any part of the sheaves. They were 
apparently free in every respect from the insect. I also examined 
the threshed bundles before they were baled, and noticed that there 
was considerable grain left in the straw, which later afforded food 
for the development of the insects in the collar. I next examined 
the threshed rye in the bin, thinking perhaps the insects might be 
hibernating at this season of the year. I collected several quarts of 
the rye in a screw-sealed glass jar, to keep out other infestations, 
and took this, with one of the rye sheaves, to the laboratory. 

I placed some of the rye straw taken from the sheaf in a large 
glass-enclosed cylinder. This was placed in the incubator at ordi¬ 
nary room temperature of 70 ° F. I recorded the temperature each 
day and watched for the development of infestations, but noted no 
development of life for several weeks. At the end of three weeks 
I found two species of grain weevil and several parasites, which I 
removed from the jar and placed in separate vials. At the end of the 
fourth week I removed from the jar five specimens of larvae, ap¬ 
parently of the same species of Dermestidae that was the cause 
of the collar infestation. April 15, the adults emerged from the 
pupae cases. I found them to be the same species as those causing 
the damage to the collars. 
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EXTENT OF INFESTATION. 

As stated before, fifty per cent of the collars in one factory were 
damaged. I made a careful dissection of both sides of a badly 
infested collar by removing the leather of the facing of the collar. 
I have found only the larval stage of the life cycle in the collars 
so far examined. I made an approximate count of all the larvae 
found in this collar, and 900 larvae was the result. I also counted 
the number of holes in the same collar leather, to get the per cent 
of damage done by each insect. The actual number of holes in this 
collar made by this pest was 424. Approximately 1,324 of the in¬ 
sects infested this collar. 

The larvae varied from 2V 2 to 5 mm. in length. They were 
usually found in the heads of the rye, or eating on the scattered 
grains. The larvae eat straight across the ends or sides of the grain, 
something as a mouse gnaws, and not after the fashion of the grain 
borers. Wherever the tunneling or eating process was found, I also 
found evidence of molting. 1 found small larvae emerged in heads 
of rye, which is evidence that the eggs had been laid in the heads. 

LIFE HISTORY OF THE BEETLE. 

In making dissections of the collars which had been incubated 
at a constant temperature of 70 degrees for several weeks, I found 
various sizes of larva) and a number in the pupal state. None 
was found m the adult state. No eggs were found in the collar dis¬ 
sections. 

MATING AND OV1POS1TION. 

The beetles 1 found in all cases mated a day or two after emerging 
from the pupal skins. The eggs varied in number from ten to fifty. 
They were placed around indiscriminately on the bottoms of Petri 
dishes from four to six days after copulation. In a number of cases 
the female oviposited on the rye placed in the dishes, and the eggs 
adhered to the rye by means of little filaments projecting from one 
end of the egg. The young larvae hatched from eight to twelve 
days later at ordinary room temperature. The young larvae, soon 
after hatching, began to feed on the material at hand. They did 
not wander unless food was scarce or poor. I reared them entirely 
upon rye grain. The growth of the larvae depends to a considerable 
extent upon temperature and the abundance of food, and it is re¬ 
tarded by weather and scarcity of nourishment. The foregoing 
factors are not, however, the only causes of slow development. 
I noted in my experiments that the growth of specimens varies 
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under identical external conditions. Very often a number of the 
specimens attain full size, metamorphose, and produce young long 
before others of the same generation. The majority, however, ma¬ 
ture in about five months. 

THE EGG. 

The eggs are about % mm. in length and about % mm. in width. 
They are oblong in shape and slightly arched. Not uncommonly 
they were found adhered together in pairs. One end of the egg 
usually has hair or threadlike projections. Each egg has a number 
of ridges running lengthwise and crosswise (see plate XL). The 
eggs are whitish in color, translucent, and the surface appears rough, 
and is of delicate skin covering the aqueous interior. It is easily 
broken. The filaments described at the end of the egg adhere to 
any object with which they come in contact. 

MOLTING. 

I found without exception that there I*- much variation in the 
rate of molting and the number of larval skins shed by the different 
individuals of this species. Under normal conditions the larva' molt 
twice in about every two weeks. Many peculiarities are worthy of 
mention. The snne specimen often sheds its skin irregularly, some¬ 
times within ten days, and again, under the same conditions, not 
until a period of three or four weeks has lapsed. The rapidly grow¬ 
ing individuals molt more frequently than do those which have 
about attained their full size. The specimens that are slow in de¬ 
velopment molt less frequently than do the larva? which develop 
at the average rate. The full-grown larva' previously spoken of, 
which continue to live for a long time before entering the pupal 
stage, have a decidedly slow rate of molting. The average rate is 
about once in every three weeks, and there is a gradual decrease 
as the specimen grows older. 

Thus I have found in all my observations that the number of 
molts is by no means constant. As previously mentioned, the ma¬ 
jority of specimens which complete their life history in about five 
months, shed their skins from ten to fifteen times, whereas many 
of the individuals with the prolonged larval history molt as often 
as twenty times. 

The larva? never eat their own skins, nor the skins of other indi¬ 
viduals of this species, even though they may be in the most extreme 
stage of starvation. This was conclusively proven by placing speci¬ 
mens in a glass \ial for the purpose of starving the larvae, and after 
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several months of starvation, during which the larvae had molted 
several times, the skins were never attacked. This fact was also 
proven in the collar dissections which I made. In one collar in 
particular, which had been kept in stock for three years after the 
infestation was noticed, nearly all of the rye seed had been de¬ 
voured, and the straw and inner surface of the collar were literally 
full of molted skins, and a large percentage of the larvae had escaped 
from the collar. 

Just before molting the specimens become inactive, and a break 
appears in the larval skin along the median dorsal line. This ex¬ 
tends from the head along the thorax and partly down the abdo¬ 
men (see plate XL). The larva assumes a semicircular position, 
which permits the extrication of the thorax and the head. The legs 
are then pulled out of their covering, and the light-colored larva 
crawls out of the exuvia. Its soft covering soon hardens and be¬ 
comes chitinous, and within a few hours assumes the natural yel¬ 
lowish-brown color. 

PI RATION. 

When the larva reaches full growth the pupa begins to form 
within the last larval skin. This is noticeable by the size, shape and 
the lack ol movement or locomotion. The pupa is slightly shorter, 
larger in diameter, and apparently makes no movements. Four or 
five days later the skin splits down the median dorsal line and the 
light-yellowish pupa is exposed The period of molting lasts from 
ten to twenty days at ordinary room temperature. When the insects 
are fully developed they emerge through the large dorsal opening 
of the pupal skin. Should a specimen be forced out of the larval 
case when not fully matured, though capable of locomotion, it in¬ 
variably returns to its former position within the protective larval 
skin upon coming in contact with it. The pupa* upon emerging 
are of a whitish color; then comes the darkening of the hair on the 
thorax and elytra. In three or four days the thorax and elytra take 
on a reddish color, commencing at the thorax and shading back. 
The female remains in the pupa case a day or two longer than the 
male. The average life of the adult is about eighteen days. 

FOOD HABITS. 

I have found that this species can subsist upon a large variety of 
substances. In considering the relative value of some of the sub¬ 
stances as food for the larvae, I found that the pest apparently 
thrives best on cereals. As was formerly stated, the larvae were, in 
their natural state, in almost every instance found living on the 
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grain in the horse collars. Where the grain was most abundant I 
found the largest percentage of larvae. In wandering in search of 
food many holes were made through the straw, upon which they fed 
in the meantime; and upon coming in contact with the inner surface 
of the leather, holes about the size of a pinhead were made, through 
which they emerged, thus injuring the salability and market value 
of the leather goods. I placed a number of the specimens, soon 
after they were hatched, on a leather diet, and 1 found they did not 
eat at all. 

Mr. J. E. Wodsedalek (1912) says with reference to the species 
Trogoderma tarsale: 

“A number of the specimens were placed on a feather diet, and although 
they are now two years old, they have grown but vary little. When they were 
one year old they were very little larger than the newly hatched individuals, 
and at the end of the second year of life they reached a meager size equal to 
that which specimens fed on insects ordinarily attain in two weeks. Their de¬ 
velopment on wool is even slower/’ 

F. H. Chittenden (1897) states: 

‘‘One jar of flaxseed from the museum department is infested chiefly by this 
common museum pest. Many of the larvae may be seen through the glass, and 
large patches of their yellowish-brown gnawings and excrement show whene 
they have been at work. In castor beans a few were present. 

“That this species of Trogoderma can subsist on a vegetable diet is as posi¬ 
tive as it is surprising. No other Coleoptera, to my knowledge, live on oil 
seeds, and I had nearly arrived at the conclusion that this form of matter was 
the nearest approach to animal food available, and that these insects could 
only thrive on such vegetable substances as contain a considerable portion of 
oleaginous matter. Judge my astonishment when a few weeks after the dis¬ 
covery of the Trogoderma living in oil seeds, Doctor Howard brought me a 
box nearly full of cayenne pepper in which were several Trogoderma larvae. 
The most careful search failed to show even a fragment of that well-known 
red pepper pest, Sitodrepa panioea, or of any other insect than the Derme- 
stidse. Subsequently the adult was reared and proved to be Trogoderma tar¬ 
sale. 

“To ascertain whether this species would breed on so pungent a substance 
as cayenne pepper, a few adults were confined with a quantity of this condi¬ 
ment. In due time larvae appeared, and when examined, August 20, or nearly 
ten weeks from the time the eggs were deposited, were in vigorous condition, 
the average individual measuring a tenth of an inch in length, or about half 
that of the full-grown larv®. Toward the end of September, while passing 
through the museum of tliis department, my attention was attracted by an 
accumulation of powder and dust about the edges of an exhibit of peanut oil 
cake, and another of Indian-turnip bulbs. A large number of the lame and 
their cast skins were found under the cakes, also in the flour and meal prepared 
from peanuts. The Indian-turnip bulbs were very old and dry, and might have 
been on exhibition twenty years or more. 



Beyer; Thogoderma inclusa. 


379 


“When this insect infests a substance of similar color and consistency to 
flour and meal, only a few larvae are sufficient, on account of their extraor¬ 
dinary habit of frequently molting, to occasion alarm. In fact, appearances 
are much worse than the reality. Thus in a small jar of peanut meal in which 
these larv® had taken up their abode, about forty larval skins had accumu¬ 
lated when examined September 27, completely covering one-half of the sur¬ 
face of the meal, and giving the impression of a whole colony of insects. 

“While the division of entomology was moving into new quarters a bag of 
Saskatchewan spring wheat, formerly kept in stock for distribution, and de¬ 
scribed on the label as a hard, amber variety with an exceedingly heavy grain, 
was unearthed, in which the larv® of this insect was living, three being present 
and no other insects except a colony of Anthrenus and a single stray Silvamut. 
In fact, this grain is so hard and flinty that weevils would not flourish on it. 
Soon afterwards I found larv® in another lot of wheat infested with Silvanus 
and in corn containing Calandra oryza and other small beetles. About the 
same time, Mr. Frank Benton brought me some larv® found in beehives, 
where they apparently fed upon propolis in bee glue. There arc several re¬ 
corded instances of Derwicstvs lardarius feeding upon wax, or, more properly 
speaking, honeycombs, and it is therefore fairly certain that Trogoderma has 
the same habit, although not previously reported in beehives. 

“Among the divisional notes I find one recording the receipt of six larv® 
of this species in a box of red pepper from a correspondent m Utah, Novem¬ 
ber 22, 1882. These larv® were kept in a box of red pepper for a year, at 
which time fifty-four cast skins were noticed. The box was examined January 
14, 1887, or over four years from the time of its receipt, when two larv® and 
seventy more cast skins were found, but no trace of beetles, although it had 
been kept closed so that it was impossible for either larv® or adults to escape. 
It is very obvious that four larv®, or the beetles that developed from them, 
had died in the interim and won* devoured by their fellows In any case, the 
adult was not reared, and no published statement was made of the larv® hav¬ 
ing been found living in the condiment. 

“The capability of this species breeding in other seeds was demonstrated 
by the discovery of the larv® living upon *kolu,’ an edible leguminous seed 
somewhat resembling a cowpea. The insect had evidently been first attracted 
by the dead bodies of the original inhabitants of the seeds, the weevil, Bruchus 
chinenais, but had afterward fed upon the seeds, even hollowing them out and 
leaving only the empty shells. In a similar manner, larv® were found, to¬ 
gether with those of Attagcvv#, in millet and pumpkin seeds that had formerly 
been inhabited by the polyphagous Indian meal moth, Plodia interpunctella. 

“In the case of the six larv® found in the red pepper, it is not likely that 
four of them metamorphosed, because if they had it is certain they would 
liave been devoured by their fellows. The hard, chitinous covering and the 
elytra are never completely devoured, even by starving specimens. It is much 
more probable that they died in the larval stage, and were later devoured by 
the other two larv®, or they might have shriveled up and darkened, and were 
thus easily overlooked. That the two larv® which were present four years 
later were two of the original six is highly probable. There are several larv® 
in our laboratory which were obtained three years ago, when they were full 
grown, and they have not changed any since.” 
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BEHAVIOR. 

Naturally the larvae manifest a strong negative reaction to light, 
and make effort immediately after hatching and when disturbed to 
seek a shaded or other place of concealment. If placed near a light 
or window they soon begin to crawl away from the light. It is 
also quite noticable when the specimens are placed in a dark room 
and a strong light is introduced at one end of the glass dish con¬ 
tainer. This negative phototactic reaction persists throughout life. 
It is at its highest sensibility to light just before pupation. Thus 
pupae are most frequently found in shaded or dark places which 
afford them a favorable means of protection. The adults, both male 
and female, retain their negative reaction to light after emerging 
from their pupal skins. During the period of sexual excitmcnt which 
follows a day or two later, the insects are still negative, and the 
females remain decidedly so until their eggs are safely deposited. 
Several hours or a day after egg-laying, they gradually become 
indifferent to light, and finally a complete reversal of their former 
reaction follows. The males also become positively phototactic 
during the la^t days of their lives. The larva 4 of all stages feign 
death upon being disturbed. However, when disturbance is con¬ 
tinued from a few seconds to a minute at the most, they no longer 
respond in the same manner. When disturbed the adult insects 
make themselves very compact by drawing thorax up dose to the 
rest of body. The head is drawn upward and under the thorax, legs 
and antenna 4 are folded up, and death is feigned a considerably 
longer time than in the larval state. The average feint lasts from 
one to ten minutes 

VARIATION IN SIZE. 

The adult male insects are smaller, as a general rule, than the 
female insects, but the small individuals are not always males. 
There is much variation in the size of the adults. They are from 
1.5 mm. to 4 mm. in length, the width also being proportionate. It 
is difficult to determine the exact cause for this variation in size. 
Poor nutrition evidently has effect upon the size. IJowever, small 
individuals appear among‘the large ones which have lived under 
very favorable conditions. I noted marked variations in the size of 
the different larva 4 of the same brood within a day or two after 
hatching. 1 observed the fact, however, that the small, slowly de¬ 
veloping larva? do not always produce small adults. 
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ADAPTATION TO FOOD SUPPLY. 

An interesting phase of the study of the life history was the ex¬ 
tremely long period of time the larvae can sustain themselves with¬ 
out food. I placed forty larva* in Petri dishes, ten representative 
stages, varying from newly hatched to full-grown individuals, with¬ 
out any food whatsoever, for the purpose of determining the period 
required to produce starvation. I also added a number of Petri 
dishes, each containing one larva ranging from 1 to 6 mm. in length, 
and another Petri disli was added, containing a number of a definite 
size, to determine whether they would eat their skins or not. Meas¬ 
urements were made of all the individuals and records kept. Dishes 
were examined regularly and measurements made of the representa¬ 
tive stages. I also made a record of the cast skins. I found that 
the larvae never devour the molted skins of themselves or other speci¬ 
mens. I detected no evidence of cannibalism among the larvae, even 
the full-grown starving specimens never attacking the much smaller 
individuals. Practically all of the larvae shed their skins shortly 
after being deprived of food, but the molting process from this on 
was very much slower. The measurements showed in all cases that 
the different larva* decreased in size about one-half their normal 
length after eight months of life* at a temperature of 70 degrees and 
in ordinary daylight. The newly hatched began to die when about 
three months old. The larva* of the middle stage up to the adult 
stage were all still surviving, and judging from existing circum¬ 
stances, the survival, especially of the full-grown larvae, would be 
considerably over one year. Experiments were carried on with 
reference to different kinds of diets or foods taken from the collar, 
as rye seed, rye straw and leather, and in drawing comparisons it was 
found that they thrived and grew rapidly upon the rye seed, but 
refused any of the other materials contained in the make-up of the 
collar, 

CONTROL MEASURES. 

HEAT. . 

I first took the trouble to look over the field of available literature 
relative to the control of this class of insects. I found that the 
French were the first to know* the value of heat, and to devise con¬ 
trivances for the heating of infested buildings. Experiments were 
made by Professor Webster to ascertain the amount of heat required 
to destroy the Angoumois grain moth, which gave the following 
results: 
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“A temperature of 140 degrees continued for nine hours literally cooks the 
larva or pupae, a temperature of 130 degrees for five hours is fatal, as is also 120 
degrees for four hours, while 110 for six hours was only partially effective.” 

It was also found that wheat could be subjected to a temperature 
of 150 degrees for eight hours without impairing its germinating 
properties. In the second report of the state entomologist of New 
York, Prof. J. A. Lintner, speaking of Tribolium ferrugineum infest¬ 
ing grain and flour, says: 

“A moderate degree of heat, 120 to 130 degrees, continued for a few hours, 
would in all probability suffice to kill all the eggs, larvse and pupse in the 
material, while a higher temperature, perhaps 150 degrees or more, would be 
needed for the beetles.” 

Professor Chittenden, in his paper on “Insects Injurious to Stored 
Grain,” states: 

“Prior to the adoption of carbon disulphide as a fumigant, heat was relied 
upon in the destruction of these insects. A temperature of from 125 degrees 
to 140 degrees Fahrenheit continued for a few hours is fatal to grain insects, 
and wheat can he subjected fo a temperature of 150 for a short time without 
destroying its germinating power.” 

A large number of the experiments of this nature were made rela¬ 
tive to the discovery of a method to destroy grain moth, and from 
the results of these experiments many of the grain insects could 
probably be destroyed in the same manner, but it would require a 
higher temperature to destroy the adults than the larvae or pupae. 

In the first experiment about thirty of the adults and larvae were 
placed in a Petri dish which contained rye seed. A thermometer 
was placed in the vial, with the bulb resting in the middle of thq 
rye, in the Petri dish containing the rye grain and various stages of 
Trogoderma inclma. The Petri dish was then placed in a dry-heat 
oven. The bottom and surface of the interior of the oven was 
covered with asbestos, and the Petri dish was placed upon it, to 
allow uniform heating. The heat of the oven was raised to 86 de¬ 
grees Fahrenheit before proceeding with«the experiment. No change 
was noted in the action of the insects. At a temperature of 100 de¬ 
grees the adults and larvse began to crawl out of the grain; at a 
temperature of 110 degrees both larvae and adults manifested ex¬ 
cessive excitement, and were making every effort to escape. They 
continued to be quite active until the temperature of 115 % degrees 
was reached. At this temperature the adults and lame became less 
active, and at a temperature of 118 degrees the adults were all dead, 
and also a large number of the larvse. At a temperature of 119 
degrees there was no sign of life. To be sure that I had killed all of 
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the insects, I raised the temperature to 120 degrees, and then the 
insects were removed and placed in an incubator and given a chance 
to recover, but the test showed finally that they were all dead. I 
repeated the experiment a number of times, and found that as soon 
as a temperature of from 119 to 120 degrees was recorded it proved 
fatal to all stages of the insect. It required about thirty minutes 
to reach this temperature. 

In a second series of experiments I continued to use the dry-heat 
oven, again raising the temperature to 86 degrees. I then took one 
of the infested horse collars and made a hole in the leather, through 
which I inserted the bulb of a thermometer into the interior of the 
stuffing. The collar was then placed in the oven on an asbestos floor 
to allow equal heating. The temperature was gradually raised to 
120 degrees, which took about ten hours. After leaving the collar 
in the oven for a period of ten hours it was removed and placed in 
the incubator to allow a chance for the insects to develop again. A 
day or two following I removed the collar and proceeded to make 
a thorough dissection of it. I found that the larvae and adults were 
all dead. Upon further incubation of the straw stuffing it was found 
that the eggs had also been destroyed by the maximum temperature, 
as no more of the insects were hatched. 

After demonstrating in the laboratory by experiments that this 
species of insect could be destroyed at a temperature below that 
which would be injurious to the leather of the horse collars, steps 
were taken to test out its results as to the practibility in a seriously 
infested collar factory overrun with Trogaderma inclusa, of the 
results which were demonstrated in the laboratory. 

The means of extermination was left in the hands of the experi¬ 
menter. The collar warehouse was the only infested floor, and it 
was located on the sixth floor of the factory. The heating facilities 
were too inadequate to produce the temperature required to ex¬ 
terminate the infestation; hence, according to instruction, a small 
room, twelve feet long, eight wide and twelve high, was constructed, 
and lined on the interior with asbestos. Two large steam-heat radi¬ 
ators were installed, and the collars hung on brackets about the 
room. One large thermometer was placed in the room and several 
smaller ones inserted in the collars. The results of this work proved 
successful. 

In this experiment also two thermometers were employed. One 
was placed in a collar and the other in the chamber. By recording 
the temperatures at short intervals and plotting them on a chart, 
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it was evident that the temperature rise in the collar lagged behind 
that of the chamber. This lag increased as the temperature rose 
until at 122° F. ? tThere was a difference of nearly two hours. Thus 
the steam was turned into the radiators at 8 a. m. and while the 
chamber temperature reached 122° F. at about 4 p. m. the collar 
temperature did not reach this until 6 p. m. 

COLD. 

A temperature control machine such as is used by this depart¬ 
ment was used to demonstrate the possibilities of a freezing tem¬ 
perature as a factor in the means of exterminating the pest. A 
number of the specimens were placed in a vial in the temperature 
machine. The temperature was reduced to two degrees below zero 
and held constant for ten hours. The larvae were apparently dead, 
but after a short period of incubation the specimens began to be 
active again. I did not continue the experiments, as I realized the 
impracticability of this means of extermination. 

CARBON DISULPHIDE. 

Carbon disulphide is a foul-smelling liquid that volatilizes readily 
at ordinary temperature, and produces a heavy vapor that is 
deadly to insects of all kinds when they are confined in a closed 
space and must breathe it. In reading the data of the various books 
and bulletins at hand on fumigation, it was found that this gas 
is especially useful against species infesting stored grains and mills, 
etc., overrun with Dermestidae, moth, and so on. There was reason 
to believe, then, that the insects within the collars could be ex¬ 
terminated if the carbon disulphide could be properly administered 
to the interior of the collar. 

I made a carbon disulphide extermination test of the Troyoderma 
inclusa as they occurred in the house collars. I prepared a box 
for inclosing one of the collars by covering it with paper on the 
inside, and closing it with a tight cover. A small amount of carbon 
disulphide was injected into the collar by means of a specially 
devised syringe. The syringe* used is modeled after the ordinary 
type with the exception that a nozzle about four inches in length 
was devised to reach all parts of the interior of the collar. The in¬ 
strument is made of steel for durability and strength, as consider¬ 
able force is required in making the insertion. The nozzle of the 
syringe was inserted in the collar stuffing, entrance being made be¬ 
tween the seams; thus there was no injury to the collar. It was 
injected at spaces of about four or five inches apart. From six to 
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eight drams were injected into each collar. The collar was then 
inclosed in the box and left for twenty-four hours. After making 
a thorough dissection of the collar, the various larval stages found 
were all dead, and upon incubation no evidence of recovery was 
noted in any of the larvae or adults. 

HYDROCYANIC-ACID GAS. 

Hydrocyanic-acid gas is a vapor very destructive to all life. The 
gas is produced by adding potassium cyanide to sulphuric acid. I 
used these in the following proportions: 


Potassium cyanide, 98 per cent pure. 1 oz. 

Sulphuric acid, specific gravity 1.83. 2 oz. 

Water .4 oz. 


I placed several of the infested collars in a closed chemistry hood. 
I put an earthen vessel inside, containing water, poured the sul¬ 
phuric acid slowly in the water, and then added the potassium cya¬ 
nide, and immediately closed the hood and left the collars exposed 
to the hydrocyanic acid for two hours, and then opened the hood 
and let the gas escape. 1 then took the collars from under the 
hood and examined tin* stuffing. There was no trace of life or re¬ 
covery of the insects in the different stages. 

SUMMARY AND CONCLUSION. 

The Trogodcrma inclma discussed in this paper were found in 
horse collars that were sent to this department, requesting our ad¬ 
vice and assistance in determining the kind and source of infesta¬ 
tion and measures to be used in the control of this damaging insect. 

With regard to the source of infestation: Upon opening the col¬ 
lars and finding grain in the straw stuffing, and upon examination 
of the grain in many instances, I noted that it had been eaten upon 
by the larva* of this insect, and through the instrumentality of my 
series of investigations in relation to the life history, I found that 
they thrived much bettor upon the grain than any other material 
found in the make-up of the collars. This gave me a clue as to the 
source of infestation. After getting some of the stored unthreshed 
rye, and some of the rye seed which had been stored where it had 
been raised, I found that a series of incubations produced exactly 
the same species that was found in the collars. 

In considering the matter of infestation and the measures to be 
used for its control, I suggest that the grain be eliminated as nearly 
as possible from the straw to be used in the stuffing of the collars, 
and there will be no liability of serious infestation. However, as I 
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have experienced personally and through correspondence, many of 
the people engaged in the manufacture of horse collars are not aware 
of the value of clean-threshed straw, the seed of which forms an 
abundant food supply for these insects, and thus follows the dilemma 
caused by the infestation. Applicable to such cases, I have per¬ 
formed a series of experiments to demonstrate their relative value 
concerning the means of extermination. Experiments were carried 
on with.heat and cold temperatures and carbon disulphide and 
hydrocyanic-acid gases, and in conclusion I feel at liberty to state 
that heat is to be preferred as the best means of control. It insures 
extermination, and is by far the most economical as well as the 
safest means of eradicating the infestations. 

With reference to the matter of multiplicity and distribution of 
this species of insect, it was found to be a rare species generally 
distributed over the the United States and Europe, and is omniv¬ 
orous in its feeding habits. I found this species to thrive and de¬ 
velop much more rapidly upon seeds and grain foods than any other 
available material which 1 had at hand for testing out the food 
habits. 

In making a summary of the variations of the life history of a 
number of individuals of the same generation, I noted: 

1. The adults oviposit from four to six days after emergence. 

2. The number of eggs lt>id by different individuals varied from 
ten to forty-five. 

3. The eggs hatch in from eight to twelve days at ordinary room 
temperature. 

4. The larval life lasts about five months, on the average. 

5. The time of pupation is from ten to fourteen days. 

6. The adult lives from eight to twenty-five days. 
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PLATE XXXIX. 

Photographs of leather horse collars damaged by the dermestid Trogodenna 
inclma Lee. In figures A and B, white-headed pins were inserted to indicate 
the position of the holes made by emerging beetles. Figure C shows the exit 
holes made by the beetles. 
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Plmlogiaphs by P. A. RentUo. 


PLATK XL. 

TroyoiU rma tnrlu^i Loo 

1 Ventral view of beetle 

2 Dorsal mow of beetle. 

3 Ventral \ io\s of pupa. 
4. Kuu> 

o. \ntunna* 

() Vonlral \ low <>f luna. 

7. Pupa 

8. Dorsal mow of larva. 
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The Larva of a Chironomid (Trissocladius equitans n. 
sp.) Which Is Parasitic upon a May-fly Nymph (Rith- 
rogena sp.).* 

BY I* \V. OL A ASSKN. 

I N AUGIJBT, 1919, while spending a few weeks in Colorado, the 
writer was collecting aquatic insects in the Big Thompson river 
in Estes Park. This river is a typical mountain stream. The water 
is very cold and rushes along in a swift current over a stony bed. 
Aquatic insects of the swift-water type were very abundant. Among 
the Mav-flv nymphs collected there were found about a dozen speci¬ 
mens of one species which presented a curious appearance. Upon 
examining some of these nymphs it was found that each one carried 
upon its back a large, white dipterous larva. These larvae had at¬ 
tached themselves to the thorax of the nymphs underneath the wing 
pads. The large size of the larva forced the wing pads of the May¬ 
fly nymph upward at a very decided angle and gave the nymph a 
humped-up appearance as it rested upon the stone. 

All the collected material was preserved in alcohol and taken back 
to Ithaca, N. Y., for study. When the material was examined more 
closely in the laboratory, some of these May-fly nymphs were found 
to cany larva*, while others of the same species carried pupa* of the 
dipterous insect. 

The May-fly nymph proved to be a species of the genus Rithro- 
gena. Although it was impossible to determine definitely the genus 
of the dipteron, Dr. 0. A. Johannsen, who examined it, felt certain 
that it belonged to the family Chironomidac. The scarcity of mate¬ 
rial and the lack of adult forms, however, made it impossible to sat- 

♦Read before the joint session of the Entomological Society of America and Ecological 
Society of America, January, 1922. Withdrawn for publication m this bulletin. 
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isfactorily establish the relationship which existed between these 
two forms. 

During the summer of 1921 the writer made another trip to Estes 
Park, Colo., and again found these May-fly nymphs in the same 
situation in the Big Thompson river where they had previously oc¬ 
curred. A careful search was then made over a distance of a mile or 
more in this stream, but there was only this one particular spot in 
which the Rithrogena nymphs could be found in considerable num¬ 
bers. This was in a part of the stream where the current was quite 
swift and the water not over six to ten inches deep. The bed of the 
stream was covered with stones, many of the stones projecting 
above the surface of the water. May-fly nymphs, stone-fly nymphs, 
caddis worms and other swift-water forms were very plentiful. As 
many as five or six specimens of the Rithrogena nymphs occurred on 
a single stone. Upon taking a stone out of the water and turning it 
over, these nymphs would quickly glide to the under side of the 
stone, appearing to be much more elusive than any of the other spe¬ 
cies of the May-fly nymphs present. A total of nearly 300 of the 
Rithrogena nymphs were collected, and more than ninety per cent 
of them were found to carry either a larva or a pupa of the chi- 
ronomid. 

An attempt was then made to rear to the adult stage the May-fly 
and the chironomid. In order to accomplish this a number of the 
nymphs which carried pupae were placed in small wire cylinder 
cages. Some of the cages were placed in the part of the stream 
where the nymphs naturally occurred, while others were placed in 
a spring near the writer's cottage, where they could be kept under 
close observation. Three males of the chironomids emerged on 
August 7, two of them from cages in the stream and one from a cage 
in the spring. A female also emerged on the same date, but it es¬ 
caped. On August 8 two males of the May-fly emerged, one from 
a cage in the stream and the other from a cage in the spring. On 
the previous day two females of the May-fly were caught in a net 
near the same spot where all the material was collected, and these 
later proved to belong to this same species. 

The necessity of leavirig the park on August 8 prevented any fur¬ 
ther rearing work, and the material from the cages was added to the 
alcoholic specimens and taken back to the laboratory at Cornell 
University. 

The May-fly has been determined by Dr. J. G. Needham, who 
recognizes it as a new species of the genus Rithrogena . A descrip- 
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tion of this species will be given by Doctor Needham in a paper 
which is soon to be published. 

The chironomid is a new species of Trissocladim, a genus new to 
this country/ 

DESCRIPTION OP THE STAGES OF THE CHIRONOMID. 

Trimodadius equitans n. sp. 

ADULT. 

Length, 4.5 mm., exclusive of antennae. General color, blackish brown. 

Head blackish; eyes black, naked, slightly emargiaate on inner margins, the 
facets moderately rounded; distance between the eyes from above greater 
than the length of the eye. Labium short, thick, and reaching to the second 
segment of the palpi. Palpi short, three-segmented; the first segment nearly 
twice as long as broad; second segment twice as long as broad; third seg¬ 
ment gradually tapering to the tip and a little longer than second segment; 
total length of palpi about 25 mm. Antennae composed of fourteen segments, 
the terminal one-half again as long as the combined length of segments two 
to twelve; basal segment large; second segment about twice as long as third; 
total length of antenna 1.3 mm.; entire antennae covered with long hairs, the 
basal hairs as long as the terminal segment. Epistome without bristles; trans¬ 
verse suture distinct. 

Thorax blackish brown, with whitish pruinose patches; dorsum with a 
narrow median line, depressed in front and raised into a feeble carina behind 
the middle; surface smooth except for a few hairs on each side of the broad, 
flattened longitudinal area of the mesonotum; collar incised in middle, angles 
rounded; seutelluin and metanotum blackish, smooth; plura and pectus black¬ 
ish, smooth. 

Abdomen compressed, blackish, with long, yellowish hairs; basal segment of 
the male clasper about twice as long as the distal segment, spoon-shaped, 
the median projection or tubercle blunt, with short hairs, basal segment below 
with long hairs; distal segment narrow at base and gradually enlarging toward 
the apex, a few hairs above and underneath with two short spines near 
the tip. 

Wings milky white, reaching to the base of the claspers; surface finely 
punctate; anal lobe produced and fringed with long hairs; venation as in 
figure 14. 

H&lteres pale, slightly infuscat-ed. 

Legs light brown, hairy; tibia of front leg 1.4 times the length of metatarsus; 
a single distinct spur at distal end of tibiae, the ones on the posterior legs 
being much larger; fourth and fifth tarsal segments of equal length; tarsal 
claws squarely truncate, surface fluted; no pectinate ompodium present. 

Type in the Cornell University collection, now mounted in balsam. Para- 
types, two males; one a pinned specimen, the other in alcohol, in the Cornell 
University collection. 

These specimens are all from Estes Park, Colo.. August 7, 1921. 


# Acknowledgments are due to Dr. O. A. Johannscn, who recognized this as a new species, 
and without whose assistance the following descriptions could not have been adequately made. 
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LARVA. 

Length, 6-7 mm. when fully grown. Color white. 

Head very small, not over ,25 mm. in diameter. Prothoracic proleg double, 
short, with many short spines; caudal prolegs short, each with a ring of about 
24 short spines. Anal gills not apparent. 

Head yellowish brown, with a narrow black hind border; on the ventral 
surface of the head, near the hind border, there is on each side a light oval 
spot., suggestive of an ocellus. Mouth parts very small and difficult to dis¬ 
sect out; they are much reduced in size; the mandibles are composed of a 
single sharp tooth with two short spines on the inner margin near the base 
of the tooth; labium small, the front margin excavated in the middle so as 
to leave a bluntly rounded chitimzed tooth on each side; labial palpi very 
short; antennae minute, easily overlooked. 

PUPA. 

Length, 5-5.3 mm. Color brown; a narrow, blackish margin around the 
wings, and a narrow longitudinal dark line each side of the abdomen. The 
' nthe pupa is smooth and devoid of any vestiture. Breathing trumpets not 
well developed, but, represented by a spiracularlike ehitinized area each side 
of the mesothorax. These breathing trumpets are best seen in the late 
larval stage when the pupa is being formed (fig. 7). Segment one to three 
of the abdomen smooth; segments four and five, above, each with a double 
transverse band of fine spines on the posterior margin, the spines of the hind¬ 
most bands directed forward and at least twice as long as the spines on the 
band immediately in front; segments six, seven and eight 1 each with a single 
transverse band of short spines. Genital sacs smooth, no hairs or spines 
present. On the lateral margin of the abdominal segments the vestigial 
spiracles are visible 

THE BIOLOGICAL RELATIONSHIP 
Between Trimocladnm cquiians and Rithrogena sp. 

With plentiful material on hand it has been possible to establish 
the relationship which exists between the'immature stages of these 
insects. The larva of Trissodadrus equitans is paraslic upon the 
Rithrogena May-fly nymph. Although it has not been possible to 
learn in what manner the larva establishes itself as a parasite on the 
nymph, indications are that Trissocladius equitans spends its entire 
larval life as a parasite upon the May-fly nymph. Different-sized 
larva*, representing the instars, except possibly the first, were found 
under the wing pads of the nymphs. 

The parasite attaches dtself to the posterior margin of the meso¬ 
thorax underneath the wing pads, where it imbeds its head in the 
softer tissue of the nymph and where it draws its nourishment from 
the host. The larva spins a sheet of silk, which completely invests 
its body, and by means of which it attaches itself firmly to the 
body of the nymph. At first, stretched to its full length, the larva 
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lies across the body of the nymph, but as it grows larger the 
posterior end of the body doubles under, and later, when the larva 
becomes full grown, the middle part of its body projects backward 
over the abdomen of the nymph in the form of a letter U. When 
ready to pupate the larva releases its hold at the head end and turns 
back over the abdomen of the nymph. The pupa thus extends over 
about half the abdomen of the host. The transparent sheet of silk 
invests the pupa as well as the larva. Just before the adult is 
ready to* emerge the pupa breaks through this investing membrane 
and rises to the surface of the water, where the adult emerges in a 
manner similar to that in other chironomids. 

That the larva is a parasite upon the nymph is apparent from 
the following facts: First, the silk membrane completely sur¬ 
rounds the larva. There is no opening in this membrane which 
would make it possible to obtain food from the outside. Second, 
an examination of the stomach contents of a number of larva? 
failed to reveal the presence of any vegetable material, but did con¬ 
tain animal matter, especially fat bodies. This fact was also borne 
out in a study of cross sections of the larvae. Third, a study of 
the head and mouth parts of the parasite reveal their reduced con¬ 
dition. The head is very small in proportion to the size of the body 
and the mouth parts are much reduced. 

The European species of the genus Tristocladius, of which the 
lame are known, are all found as free living forms feeding upon 
vegetable matter.* 

The reduced size of the head and mouthparts of Triasocladws 
cquitan* indicate that this parasitic relationship has existed for a 
long time. Whether the parasite ever becomes so injurious as to 
kill its host the writer has not been able to determine. Another 
question of interest is what happens to the parasite when the nymph 
casts its skin. The life cycle of the parasite is either so short that 
development is completed during a nymphal instar of the host, or 
else the parasite must be able to detach itself from the cast skin 
and reestablish itself upon the newly emerged nymph or upon an¬ 
other individual, otherwise it must perish. 

There appears to be no relationship between the relative ages of 
the host and parasite. Pupae of the parasite were found upon 
medium-sized nymphs, while, on the other hand, young larvae oc¬ 
curred upon nymphs that were evidently in the last nymphal in¬ 
star. 

“Barnard, K. H., in the Entomologist’s Monthly Magastine, vol. 47:76-78, 1911, reports 
the case of a chironomid larva (name not given) which is parasitic upon a fresh water snail, 
Limnaa pereura. 
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PLATE XLI. 

Fio. 1. RUhrogena nymph with a larva of Trissocladius equitam under the 
wing pads. 

Fig. 2. Nymph with a pupa. 
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PLATE XLII. 

Fig 3 Side view of May-fly nymph, showing the chironomid pupa undei 
the wing pads. 

Fig. 4 Young larva of T . eqmians under the wing pads of the nymph 
Fig. 5. Full-grown larva on the nymph. 

Fig. 6. Pupa on the nymph. 




PLATE XLI1I 


Fkj. 7. Full-grown lan a of T. < (/niton*. In the thoiax may be boon (ho 
breathing 1 1 limpets of tho de\ eloping ]»U]»:* willnn 
Fit;. 8. Mandible of the lanu of 7\ (quitan 
Fru 9. Labium of the lan a 
Flo. 10. Hind pioleg of tin' lar\a. 

Fin. 11. Foil ion of the abdomen of tin' pupa 
Fit; 12. Adult, T. <quttnns 
Fm. 13. Clamper ol male 
Fm. 14. Wni|» ol male. 

Fkj. 15. Young lan a 

Fici. 1(3. Nearly full-mown luny The black hue indicate* the edge of tin* 
silk membiane which cm elopes ilu* lan a and by mean- ol which it is 
attached to its host. 
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INTRODUCTION. 

THE COLORADO PLATEAU. 

Not the least interesting of that well-known and yet little known 
country of varied attractions, the Great Western Cordillera of 
America, is the region of lofty plateaus, towering cliffs and deep, 
impassable canyons which is known as the Colorado plateau. 
Bordered on the east by the snow-clad peaks of the Rocky Moun¬ 
tains, on the north by the Uinta mountains, and on the west and 
south by low-lying deserts of the Great Basin and the low r er Colo¬ 
rado valley, the Colorado plateau includes most of western Colorado, 
eastern and southern Utah, northern Arizona and northwestern 
New Mexico. Unlike the serrated peaks, irregular jagged spurs and 
sharp-topped divides of the Rockies, or of the mountain ranges in 
the Great Basin and Arizona deserts, the plateau country is a land 
of elevated, essentially flat-topped tables, which are terminated for 
the most part in steep, irregularly trending cliffs, and of great 
canyons which, converging on and culminating in the world-famous 
canyon of Colorado river, ramify almost every section of the plateau 
province. The tablelands are formed by hard rock formations 
which lie in more or less nearly horizontal positions, and the steep 
cliffs which border the plateaus or wall in the canyons mark the 
edges of these hard formations. Exceptions to the general archi¬ 
tectural scheme of the Colorado plateau country are a few small 
mountain masses of igneous origin, volcanic cones like the San Fran- 
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cisco mountains in Arizona, or laccolithic intrusions like the Henry 
mountains in southern Utah. These are not important in the aggre¬ 
gate, but are striking on account of contrast. 

All of the Colorado plateau region is arid or semiarid. There is 
little rain, and most of that which does come falls during a small 
part of the year and in torrential showers. Much of the character¬ 
istic topography and the aspect of the country in general is due 
chiefly to this. 

THE HIGH PLATEAUS OF SOUTHERN UTAH. 

The features and the conditions which are broadly typical of the 
Colorado plateau as a whole And especially characteristic expression, 
and, indeed, culminate in the south central part of Utah and adja¬ 
cent portion of Arizona. From the Grand canyon of Colorado river, 
the most profound and prodigious of the canyons, the stratified 
rock platforms rise tier on tier like gigantic stairs ascending north¬ 
ward. The top “stairs,” in southern Utah, have an elevation of 
more than 10,000 feet above sea level, and comprise the so-called 
high plateaus. It is almost inevitable that this lofty plateau 
country, so closely adjacent to the deepest of the canyons, should 
be intricately dissected by tributary canyons. The high plateaus 
and adjoining region may therefore be specially designated as the 
“canyon lands.” Travel is by tortuous and extremely toilsome 
routes, now in the depths Of a profound abyss, now crossing a pla¬ 
teau spur of mountainous proportions. Some areas are absolutely 
inaccessible, and large districts arc almost unexplored. Population 
is confined to a very few of the accessible valleys where irrigation 
permits cultivation of a little of the land adjacent to the water 
supply. Aside from these outposts of determined agricultural skill 
and industry, the region is traversed only by occasional cattlemen, 
prospectors or explorers. 

CLIMATE. 

The two main features which characterize the climate of southern 
Utah and affect more or less directly the life of the region, as well as 
physiographic processes, are dryness and temperature variation. 
In part of the area rainfall is less than five inches in the year, and in 
all of it the average is less than ten inches per year. In general, 
there is most rain in the three summer months, July August and 
September; and least rain in the spring months, April, May and June. 
The fall and winter months have an intermediate rainfall. The 
effect of the dry spring season, when most plants begin to develop 
rapidly and when many of the animals, especially the insects, pro- 
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gress swiftly through early life stages toward the vigor of mid¬ 
summer maturity, iB to retard or to inhibit the development of life. 
Seeds may germinate, but, without rains, growth lags or ceases. 
Lame of insects, polliwogs, and whatever animal life is dependent 
on waters, are restricted to permanent pools, springs or streams, for 
there are no temporary breeding waters in the dryness of the spring. 
The distribution of the yearly precipitation at four stations in the 
vicinity of the localities described in this paper, is shown in chart 
on page 412. 

The temperature of the plateaus is influenced to a large extent 
by the clear, dry atmosphere and by the altitude. During the days 
the sun warms the air and the ground, and the bare rocks reflect 
the heat rays back into the air. At night radiation is rapid and the 
temperature quickly falls. This large diurnal range in temperature 
is characteristic of arid or semiarid regions. At Tropic, in central 
western Garfield county, a freezing temperature in each of the 
twelve months has been reported, while the maximum temperature 
is greater than 100 degrees. (See chart, page 413.) 
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SURFACE WATERS. 

Though the topography of southern Utah is very evidently the 
result chiefly of erosion by running water, there are few perennial 
streams in the region. The Colorado, master stream of the plateau 
country, gathers the waters from the west slopes of the Rockies, 
from the Uintas and other ranges where rains and melting snows 
furnish a varying but unending water supply. The tributaries 
which unite to form the Colorado begin, for the most part, as clear 
mountain streams, but in southern Utah the river carries so heavy 
a load of mud and sand that the water is dark reddish brown. On 
this account the name Colorado was first applied. The river is 
large and swift, with swirling eddies and numerous rapids. The 
only permanent tributaries to the Colorado in southern Utah are 
San Juan river on the south and Dirty Devil and Escalante rivers 
on the north. Each of these streams flows in a deep canyon, and, 
except for size, is essentially similar to the Colorado. The Esca¬ 
lante, which is the main stream in the region from which most of 
the collections of insects were obtained, is fed by the melting snows, 
rains and springs of the southern extremity of the highest of the 
plateaus, the Aquarius. Its waters are somewhat clearer than those 
of the other streams, because most of its course lies through massive 
sandstones. 

The numerous smaller streams in southern Utah contain water 
only at times of local rainfall. The run-off is very rapid, and after 
a torrential, muddy flood of less than an hour, or at most a few 
hours, the flow ceases. This type of swift, intermittent streams is 
characteristic of all the plateau region. , 

After rains there are in places pools or “tanks” in such natural 
hollows as may retain any of the water. Some of these are found 
in the stream channels, others in eroded depressions in the naked 
rock. Some are small, shallow and short-lived under the rays of 
an intense sun and a thirsty atmosphere; others are larger, and 
occasionally deep. Those in the channels of streams commonly 
contain very muddy water, which, because of the excessive fine¬ 
ness of the mud, retains the sediment in suspension until evapora¬ 
tion gradually gives it the consistency of thick soup or gravy, mid 
finally of brick. Where the rain water accumulates in sandstone, 
or where the gathering waters do not cross exposures of the soft 
shales which furnish most of the muds, the waters remain fairly 
clear. The larger “tanks” may retain water from year to year, 
shrinking slowly through times of drought, but refilling on the 
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coming of rain. These little pools of moderately clear water afford 
sanctuary for such water-breeding or water-living animals as in¬ 
habit the region, and in some cases it is a populous and assorted 
community that crowds together. 

Springs may be mentioned among the surface waters of southern 
Utah, although they are not numerous, and the water from them 
very shortly sinks into the ground. They are in many cases nearly 
permanent, and are an important source of supply, especially as 
regards the uses of man. None of the springs or seepages in the 
plateau region studied has a flow of more than a few gallons an 
hour. 

It is frequently a number of miles from one spring, “tank” or 
other permanent water source to another. 

FIELD WORK 

In the summer of 1921 and 1922, Mr. Moore, with a party of four 
assistants, was assigned by the United States Geological Survey to 
make an examination of a portion of the high plateaus of southern 
Utah, with reference to coal resource?* and possibilities of oil and 
gas development. A detailed geological map of approximately 
3,000 square miles was made, and reconnoissance study of a very 
much larger area was completed. The region mapped comprises 
most of central eastern Garfield county, a portion of central Wayne 
county, and eastern Kane county, Utah. Although the primary 
purpose of this work had to do with possible coal, oil and gas re¬ 
sources, special attention was given to water supply, for the region 
is a semidesert. Not only was it important for the party to find 
water for camp purposes, but the possible development of water 
supply is in all cases the most important consideration in the utiliza¬ 
tion of such a region. During the course of this work, wherever 
water insects were found, and where it was possible without inter¬ 
ruption of the main objects of the work, collections were made. 
Since no other similar collections have been reported from this 
region, and since the distribution of water insects in this region is 
both of biological and general entomological interest, the results 
are here presented. Identification and special notes on the species 
found are the work of Mr. Hungerford. 

DESCRIPTION OF COLLECTIONS. 

Since the collections of water insects to be noted below were 
gathered as opportunity offered and not as a part of a systematic 
faunal survey, the data are perhaps somewhat fragmentary and 
scattered. However, since the sources of water supply in such 
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country are not numerous, and since it is necessary for the traveler, 
whatever his mission, to seek the places where water may be had, 
it is probable that a considerable number of the places where water 
insects might occur were observed. In each of these a collection, 
representing as far as possible ail of the species present, was ob¬ 
tained. The collections include mainly those from springs and 
“tanks.” It is possible that water insects could have been found 
in some of the seepages along streams or in the permanent streams, 
but there was no opportunity to make special search for these. 

SMALL “TANK,” ONE AND ONE-HALF MILES ABOVE MOUTH OF MULEY 
TWIST CREEK, EASTERN GARFIELD COUNTY, UTAH. 

Muley Twist creek is an intermittent stream whose bed is dry 
the greater part of the year. It occupies a very deep box canyon, 
carved in massive red and yellow sandstone. About seventy-five 
feet above the bottom of the canyon, on its sloping west sandstone 
wall, was found at one point about one and one-half miles above 
the mouth of the creek, a little “tank” about one by two feet in 
width and length and with greatest depth of approximately one 
foot. The depression was filled with clear water, part probably 
caught in a recent rain and part derived from a very small seep in 
the sandstone above. The “tank” is probably not at all permanent 
It was surrounded by bare jsmooth sandstone, without any near-by 
plant growth. 

In this little basin lived a group of seven individuals of Arcto - 
corira abdominal) $ Say, without other insect life. 

“tank” ABOUT TWO MILES ABOVE MOUTH OF MULEY TWIST CREEK, 
EASTERN GARFIELD COUNTY, UTAH. 

On the east side of the Circle Cliffs and along the Water Pocket 
Fold in eastern Garfield county are a number of “tanks” which con¬ 
tain w r ater in all but the driest seasons. From one of these, in the 
bed of Muley Twist creek, beneath a high sandstone cliff, a number 
of water bugs were taken. The pool was about eight feet in. 
diameter and three feet deep in one part at the time of our visit in 
August. Two or three large cottonwoods shade the pool, but there 
is almost no other vegetation near at hand. 

In this little basin was taken one dytiscid beetle, Rhantus bino- 
tatm Harr., and upon the surface eight specimens of Gerris orba 
Stal, all winged, and one pair mating (five males and three females). 
The solitary dytiscid beetle appears to be a new record for Utah. 
Its previous capture has been recorded for Wisconsin and Arizona. 
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“TANK” ON COLORADO RIVER AT WATER POCKET FOLD, KANE COUNTY. 

This was located on the north bank of the Colorado river near the 
mouth of a small tributary canyon at Bennetts oil camp, where 
Water Pocket Fold crosses the canyon of the Colorado river, about 
eight miles above the mouth of Escalante river, eastern Kane 
county. A pool of clear rain water filled the depression in bare 
sandstone, about four feet wide, five feet long and two and one-half 
feet deep; no vegetation around the pool; about thirty yards from 
Colorado river, a swift, muddy stream, very unlike the w r ater in the 
“tank”; unknown distance to adjacent pools of clear quiet water; 
elevation about 3,500 feet. Here were taken: 

Fifteen Arctocorixa abdominalis Say, four males, eight females 
and three nymphs. This represents the farthest north record for 
the species, which was described from Mexico and reported from 
Texas and California by Uhler. 

One Notonccta imulata Kirby, female. 

Two Thermoncctcs marmoratvs Hope, one male and one female. 
The capture of this beautiful dytiscid appears to be a new’ record for 
the state. Leng’s catalogue records it from Arizona and Lower 
California. 

SPRING OPPOSITE OW’L CAVE, HARRIS WASH. GARFIELD COUNTY, UTAH. 

About twenty miles southeast of the little town of Escalante, 
eastern Garfield county, Utah, a permanent spring is found in the 
sandstone w ? all of Harris canyon, which is tributary to Escalante 
river. The flkvw of this spring is not large, but the water is of excel¬ 
lent quality, and, as natural shelter is conveniently near at hand in 
a large sandstone cavern, Owd Cave, the spot is a camping place for 
most of the few T travelers who pass this way. The water from the 
spring irrigates naturally several square yards of protected ground 
adjacent to the spring. A beautiful little meadow’, therefore, has 
been formed, through which the w r ater flow's a short distance before 
sinking into the sand. 

This spring and short stream support a populous community of 
aquatic insects and other life. However, only two species of wrater 
bugs were observed, Oerris remigis Say and Trepobatcs pictm Uhl. 

SPRING IN WATER POCKET FOLD, CIRCLE CLIFFS, GARFIELD COUNTY, 

UTAH. 

One of the very few water sources in the northeastern side of the 
Circle Cliffs is a small spring, from which the w'ater flow's a few 
yards before disappearing in the floor of a canyon tributary to 
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Muley Twist creek. The adjacent rocks, chiefly sandstone, are 
nearly bare of vegetation, though not far distant are numerous 
pinon, scrub cedar and sagebrush. The spring varies somewhat in 
volume, but does not commonly dry up in the spring dry season. 

On the surface of the spring and the little stream below are 
numerous representatives of the species Trepobates pictus and Germ 
remigis. A large number of individuals of each were obtained, in¬ 
cluding a considerable number of nymphs belonging to the first 
species. The Trepobates were more numerous than the Gerrids at 
the time of observation in August, 1923—a rather unusual condition 
as compared with other localities inhabited by the two forms. 

SPRING ON TTPPER HENRIEVILLE CREEK, SOUTH CENTRAL GARFIELD 
COUNTY, UTAH. 

An area of special scenic and geologic interest in southern Utah 
is Table Cliff and the surrounding very rough district in south 
central Garfield county. South of Table Cliff, on one of the branches 
of upper Henrieville creek, is a seepage of very alkaline water, the 
only "ource available for camp use in the head canyons under the 
cliff The water is so strongly mineralized as to be hardly potable. 

On the surface of the short, trickling stream below the seep several 
water bugs were taken. A few Gerris remigis Say and a considerable 
number of Microvelia are the inhabitants of this apparently in¬ 
hospitable haven. The Microvelia species of this region has not 
been determined. It may be new. 

“tank” NEAR SOUTH POINT OF KA1PAROWITS PLATEAU, EASTERN 
KANE COUNTY, U'fAH. 

Most of the observed watering places in southeastern Utah did not 
contain water insects at the time of visit in the summer of 1922. Of 
four springs and pools on the top of Kaiparowite plateau, a high 
tableland which extends southeastward toward Colorado river from 
the uplands farther north, only one appeared to contain any 
aquatics. This was a partially rain-filled “tank” in the bottom of 
one of the narrow, steep-sided canyons which cut the plateau sur¬ 
face. The “tank” was carved in bare, massive sandstone, without 
near-by vegetation. The pool was about six feet long by one foot 
wide, and its maximum depth a little over one foot. In this pool 
wore several Notonccta imulata Kirby, but no other water bugs. 
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LAST CHANCE CREEK, EASTERN KANE COUNTY, UTAH. 

In a part of the sandstone canyon of Last Chance, about twenty- 
five miles above the point where it flows into Colorado river, a 
small stream flows more or less permanently. Other parts of the 
canyon contain intermittent flow, but in most cases, except for 
occasional groups of Gerris remigis, did not contain other observed 
water bugs. At the place described, a group of small dytiscids, a 
number of Microvelia and some gerrids were collected. 

SPRING ON PARIA RIVER, ABOUT FIFTEEN MILES BELOW CANNONVILLE, 
• KANE COUNTY, UTAH. 

Most of the lower Paria river, the main stream in south central 
Kane county, Utah, is dry the greater part of the year. The river 
has carved a very deep sandstone canyon, which affords the only 
passageway from north to south across this part of the country. At 
a point about fifteen miles below the town of Cannonville, the last 
settlement on the southward route to Colorado river, at Lee’s Ferry, 
about seventy-five miles distant, is a fine spring. The flow is fairly 
large, as compared with other springs in this country, and the water 
is clear and not alkaline. 

A host of Gerris remigis and Trepobatcs pictus were found on the 
water of the spring. 

LOWER ROCK CREEK, EASTERN KANE COI NTY, UTAH. 

Water flows more or less permanently in the lower part of Rock 
creek, the easternmost of the longer, deep canyons tributary to Colo¬ 
rado river west of Kaiparowits plateau. The canyon of Rock 
creek, as the name perhaps suggests, is somewhat unusual, even 
among the great, bare rock cliffs and canyons of the plateau coun¬ 
try. Its walls and bottom are mostly composed of naked rock, and 
sculpture by running water has produced an almost indescribably 
rough topography. 

The stream at the camp site of the writer, about two miles above 
Colorado river, contained numerous Microvelia and a few gerrids. 
No other water bugs were observed. 

NEAR GOODRIDGE, SAN JUAN COUNTY, UTAH. 

In a small, isolated spring, about one foot in diameter and a few 
inches deep, were taken three Notonecta insulata Kirby. No other 
water insects were present. This tiny basin of water was three miles 
from the swift, muddy San Juan river, and there were no other near 
water sources known. The location of the spot is at the west side 
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of Comb Ridge, where the road from Bluff to Goodridge enters 
Comb Wash. Some vegetation was growing about the spring. 

To the above Utah collections may be added this interesting one 
from northwestern Colorado, made in 1920. 

JUNCTION MOUNTAIN, YAMPA RIVER, NORTHWESTERN COLORADO. 

In the deep canyon of Yampa river, where the river plunges 
through Junction mountain, about thirty-five miles east of the con¬ 
fluence of the Yampa and the Green, in northwestern Colorado, were 
taken forty-four Rhagovelia distincta Champ., all apterous; nine 
were males, four nymphs, and the remainder females; also seven 
Trepobatopsis trux Bueno, two males and five females, described by 
Mr. Bueno as new. 

From a small, sluggish stream at west side of Junction mountain 
were taken an interesting series of large gerrids. These vary in 
color from russet to the dark color typical of Gerris remigis Say. 
The russet-colored form has been determined by Mr. J. R. de la 
Torre Bueno as Gerris orba Stal. Of these there are nineteen speci¬ 
mens, nine males and ten females. Thirteen of the lot are apterous. 
G. orba Stal has been listed from California, Oregon and Nevada 
hitherto. The others, forty-seven of them, all apterous, are of a 
trifle lighter color than G. remigis Say, but obviously are the same 
as Bueno’s orba . 

In an attempt to find differences between our common Gems re¬ 
migis Say and this series from the West, all of the Kansas and Colo¬ 
rado material available (a series from the eastern margin of Kan¬ 
sas through the state and across Colorado) has been very carefully 
studied. The Kansas forms are darker and larger as a senes, but it 
does not seem possible at the present time to fix upon any structural 
characters to distinguish these forms 

In connection with the problem of separating the striders, it may 
not be out of place to state that it seems to have been overlooked 
that Gerris conformis Uhl. males have the ventral side of the sixth 
abdominal segment singly emarginate, like Limnoporus rufoscutel - 
latus Latr. Indeed, the two species have, in addition to the above 
genital character, another distinctive character that is common to 
both, namely, their very long legs. The hind femora in both spe¬ 
cies greatly surpass the tip of the abdomen. The examination of 
such material as has been available suggests that the two species 
commonly accepted as L. rufoscutellatus and Gerris conformis Uhl. 
may be separated as follows: 
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A. Antennal segment 1 longer than 2 plus 3. Eyes protuberant. Middle and 
hind femora about equal in length. Venter of sixth abdominal segment 
in male with median longitudinal fossa. The seventh with a longitudinal 
ventral carina. Gerris conformis Uhl. 

A A. Antennal segment 1 shorter than 2 plus 3. Eyes not protuberant. Middle 
femora shorter than hind femora. Venter of sixth abdominal segment in 
male without fossa and seventh segment not carinate. 

Limnoporwn rufo&cutellatus Latr. 

In addition it may be stated that L. rufoscul Hiatus Latr. is a 
more slender species, and that it is usually of a russet color. Gerris 
conformis Uhl. has the anterior part of the pronotum bearing two 
prominent papillae and well-elevated callosities. 

It would seem somewhat of a question whether these tw*o specie?, 
having in common genital characters and exceptionally long femora, 
can be placed in separate genera upon the antennal character alone. 
Structurally they are more nearly congeneric than G . renugis Say 
and G. conformis Uhl. The latter belongs with L. rufoscutcllatus 
Latr., and the generic characters of Limnoporus should be revised. 

resume. 

In brief resume of the above collecting notes, it may be said that 
the southern Utah desert affords extremely interesting problems for 
the student of water life. The light annual rainfall, the isolation of 
the pools and the nature of the water they contain, lend interest to 
the study of the resident population of the waters. The collections 
here reported represent the complete insect population of the various 
pools surveyed. One isolated little spring-fed pool, the size of a 
washbasin, contained three Notonccta insulata Kirby, and no other 
insects. Another little rain-filled “tank,” less than two feet in diam¬ 
eter and a foot deep, located high up on the sloping wall of a canyon, 
contained seven water boatmen, ArctocorLra abdominalis Say, and 
not another insect. The scant annual rainfall of from five to ten 
inches, with the exceptionally light fall in April, May and June, 
works against a large population of aquatics. The water bugs 
thus utilize every available supply of water. The pools contained 
the corixids, notonectids and dytiscids, while the striders were found 
on the springs more commonly than upon the “tanks.” The pres¬ 
ence of winged species in places remote from permanent water is 
readily understood. The finding of eight Gerris orba Stal, all 
winged, upon a rain-filled “tank” and forty-seven specimens of the 
same species along the Yarapa river, all apterous, is worthy of note.* 

* An interesting note on the factor regulating wing development is suggested by collect¬ 
ing notes on Microvelia macgregori Kirk. In New Zealand by Mr. J. O. Myers, m the New 
Zealand Journal of Science and Technology, vol. V, pp. 6 and 7. He writes that his col¬ 
lections of this insect in the lowlands have been almost entirely apterous forms, while at an 
altitude of 4,600 feet every capture was winged. 
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INTRODUCTION. 

The subtle characters and elusive specific differences between the 
various species of the cryptocerate groups of the Hemiptera have 
made it difficult to fix specific? limits. The students of these groups 
have resorted, therefore, to comparisons that are beyond the compre¬ 
hension of the general systematist endeavoring to identify his col¬ 
lection. Such comparative notes become intelligible only after a 
prolonged study of the insect group concerned, and this condition 
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has worked against there being a very large number of students 
who have found the time and inclination to identify the species in 
such families as the Notonectidae, Nepidie and Corixid®, for in¬ 
stance. 

The difficulty encountered by the writer in sorting and naming 
the aquatic bugs in the course of his biological studies led to a thor¬ 
ough investigation for diagnostic characters of more demonstrable 
kind than those employed in the literature. It has been the en¬ 
deavor, therefore, to find and figure characters of such definiteness 
that anyone with even fair training in close work can be certain of 
the species lie is trying to identify. 

The first report upon this work was given under the title, “The 
Male Genitalia as Characters of Specific Value in Certain Crypto- 
ccrata,” which appeared in volume XI of the Kansas University 
Science Bulletin, December, 1919. In this the writer called at¬ 
tention to these characters in the Naucoridje, Saldida* (not a crypto¬ 
cerate, of course), Gelastocoridse, Corixida* and Notonectida*. The 
treatment of the genus Notonectu was sufficiently complete to be of 
value to the svstematist, because the male genital capsules of all the 
North American species were figured or described, save two. A\ uhl- 
cri Kirk, and A 7 , montezuma Kirk., the former readily recognizable 
by the description, and the latter exceedingly rare, reprc- nted, so 
far as indicated in the literature, by two specimens in the Hope 
museum, carefully studied and figured by Champion. (Figure 8, 
plate XXXI, Science Bulletin XI, figures Kotonecta howardii Bueno, 
and fig. 5, plate XXXI, Science Bulletin XI, figures Kotonecta 
shooterii Uhl. The one there named N.'lutea is, of course, A\ borealis 
Hussey and Bueno.) 

Studies were made upon the Nepida and Corixidie, but were not 
reported in the first paper, and there was no intention, until recently, 
of publishing upon the Nepida\ However, four species of Ranatra 
have been taken in Kansas waters as a result of recent collecting, 
all new records for the state. The task of naming these water scor¬ 
pions involves problems in nomenclature and the authenticity of 
species—matters concerning which there is a difference of opinion 
among our best authorities. 

Mr. J. R. de la Torre Bueno has believed that Ranatra nigra Her- 
rich Schaffer 3853, is a synonym of Ranatra fusca Palisot Beauvois 
1805. The insect which he calls Ranatra fmca is large with very 
prominent eyes, slender anterior legs, and a deep, broad prosternal 
groove—a very characteristic insect. With this interpretation of 
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Palisot’s species, he described a small, compactly built insect with 
very broad front femora, as Ranatra kirkaldyi . 

Dr. A. L. Montandon (Bui. Soe. Sci. Bucharest, XIX, 1910) con¬ 
siders Ranatra kirkaldyi Bueno a synonym of Ranatra fusca P. B., 
and concludes that Ranatra nigra H. S. is a good species, although 
he has seen no American specimen that fits the description. Van 
Duzoe follows Montandon. 

In a recent issue of the Entomological News (vol. XXXII, p. 
273,1921), under the title “New Records of Aquatic Hemiptera for 
the United States with Description of New Species,” Mr. Torre* 
Bueno again defends his Ranatra kirkaldyi and comments on Ra¬ 
natra fusca P. B., describing it so closely that there can be no mis¬ 
taking the insect, and stating that there is a specimen of this species 
in the United States National Museum labeled Ranatra fusca P. B., 
by Doctor Montandon. This statement is indeed true. 

Through the kindness of Dr. L. O. Howard, Doctor Aldrich and 
W. L. McAtee, the writer had the pleasure of spending some time at 
the United States National Museum studying the aquatic Hemip¬ 
tera. He had the opportunity, therefore, of examining the material 
determined by Doctor Montandon, as well as the types of Ranatra 
protema Montd., Ranatra brericollis Montd. and Curicta howardii 
Montd. He found two distinct species identified by Doctor Mon¬ 
tandon as R. fj/sca P. B. One of them is Bueno's Ranatra fusca; 
the other, quite a different species, but not Bueno's R. kirkaldyi. 

After examining much material in the family Nepida*, and very 
carefully studying and weighing original descriptions and compara¬ 
tive notes, the writer lias been forced, in spite of his reluctance, to 
a new interpretation of the old species. The facts which led to the 
change in nomenclature are presented under the species concerned. 
All the species are figured in such detail that there need be no ques¬ 
tion or uncertainty as to designation, and these studies should aid 
in arriving at a solution of the matters in controversy. 

The family Nepidse is represented in America, north of Mexico, 
by three genera, Nepa } Curicta and Ranatra , which may be sepa¬ 
rated as follows: 

A. Body broadly oval and flat. Nepa. 

A A. Body elongate. 

B. Prothorax a little broader than head, body elongate oval. 

Curicta. 

BB . Prothorax narrower than head, body very elongate. Ranatr a. 

Genus Nepa, see p. 428; genus Curicata, p 429; genus Ranatra, nee p. 438. 
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Genus Nepa Linnaeus 1758. 

We have one species in the genus Nepa: N. apiculata Uhl. 

Nepa apiculata Uhler. 

1 18*02^ ** ^ ' 111 ^ ' ^ arr ' s ’ Inserts Injurious to Vegetation, 3d ed., p. 12, plate 1, fig. 

This species was first made known to science through a picture of 
it which appeared in the third edition of Harris’ “Insects Injurious 
to Vegetation.” Tn this edition Doctor Uhler added notes on the 
Hemiptera. Then in 1878, Uhler, in his “Notices of the Hemiptera 
Heteroptera in the Collection of the Late T. W. Harris” (Proceed¬ 
ings of the Boston Society of Natural History, vol. XIX, Pt. IV, 
1878), records the presence of “No. 26, Harris Collection, Nepa apic- 
vlata Say MS., under stones near water, May 15, 1826,” and adds 
the following descriptive note: “The principal differences between 
our species and the European one consist in the color of the terguin, 
which is red in the latter, fuscous in ours; and the length of the api¬ 
cal tubes, which in ours are stouter and shorter.” In commenting 
on these comparisons, Montandon (Bui. Soc. Sci. Bucharest, VIII, 
1898) says that Uhler, like Stal and Ferrari, attached too much im¬ 
portance to color, and gives illustrations of the variability of Nepa 
apiculata Uhl. and of Nepa cinerea L. to prove the danger of con¬ 
sidering color of specific significance. He then states that the Amer¬ 
ican species is a little mope transverse across the thorax, the abdo¬ 
men proportionately larger in the rear, and the respiratory tubes 
shorter than in the European species. Again in volume XVIII of 
the same periodical, under the title, “Hydrocorises de TAmerique du 
Nord, Notes et Descriptions d’Espbces Nouvelles,” Doctor Mon¬ 
tandon adds that in ki Nepa apiculata Harris 1862, Uhler 1847,* 

. . . the superior part of the head is less boldly carinate, espe¬ 

cially on the vertex, which is generally almost smooth, quite feebly 
convex.” 

These differences between the European Nepa cinerea L. and the 
American Nepa ajriculata Uhl. do exist, as an examination of the 
photographs on plate LI will show. However, without both species 
for study, one would be compelled to remain in doubt or name the 
species from its geographical distribution. Since there do occur 
marked structural differences, it is well to note them. The antenna), 
for instance, are very different, as an examination of figures 5 and 

•Probably a typogiaphical error, because Uhler wa« bom in 1830. Van Du zee omits the 
reference: Montandon, Bui. Soc. Sci. Bucharest., XVIII, p. 180, from the list under Nepa 
apiculata Uhl. in his catalogue of 1917. It is interesting to note that AV*pa apiculata was a 
Say manuscript species, 
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6, on plate XLVII, will show. The penultimate segment of the 
European form has a lateral prolongation which gives the antenna 
a branched appearance. The Nepa apiculata lacks this entirely. 
The male genital capsules are also unlike. The considerable differ¬ 
ence between these and between the claspers is indicated on plate 
XLVII, figures 1, 2, 3 and 4. 

The nearest approach to a formal description of the American 
species is given by Uhler in the Riverside Natural History, vol. II, 
p. 253, 1884. It follows: 

Color dull fuscous gray, with the base of the abdomen nbo\e more or less 
tinged with reddish. It. is of an elliptical form, blunt in front, with a ridged 
middle line on the vertex, and with three short raised lines on the protliorax 
each side of a longer one on the middle. The surface and margins of the 
thorax and head are roughly granulated, while these, together with the scu- 
tellum and conuin, arc rough and closely covered with stiff, short, pile. The 
anterior femora have no teeth on the inner angle, but instead there is a prom¬ 
inent elbow, forming a wide expansion for the sides of the deep gutter. The 
wings are smoke brown, with darker veins. This species closely resembles the 
European one, and measures about two-thirds of an inch to the end of the 
abdomen; while the respiratory tubes are a little more than one-fourth of an 
inch in length. 

Montandon has shown the differences between our species and 
the European N. Cinerea Linn. 

The United States National Museum has specimens from Massa¬ 
chusetts, Pennsylvania, Maryland and Illinois. I have seen speci¬ 
mens from New York, Minnesota and Wisconsin. 

% Genes Curicta Stal, 1861. 

These insects are very interesting because they arc intermediate 
between the broad, flat Ncpa and the very slender Ranatra. The 
Americas can boast of several species in this genus, but for North 
America, north of Mexico, there has previously been recorded only 
one, and of it but a single specimen, taken at Victoria, Tex., just 
within our limits. From this specimen Doctor Montandon drew up 
the description of Curicta howardii . It is a pleasure, therefore, to 
record the capture of other specimens of this species and to add a 
second species which has not been described. This second species 
has been the subject of life-history studies by Mrs. Grace Wiley, 
and is reported further on in this bulletin. 

KEY TO SPECIES. 

A. Lateral prolongation of penultimate segment of antenna very short (see 
fig. 8, pi. XLVII). C> howardii Montd. 

AA. Lateral prolongation of penultimate segment of antenna very long (see 
fig. 7, pi. XLVII). C. drakei sp. new. 
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Curicta howardii Montandon, 1910. 

Montanclon, A. L., Bui. Soc. Sci. Bucharest, XVIII, p. 181; 1010. 

The original description is in French. The writer’s free trans¬ 
lation follows: 

Elongate oval m form, visibly attenuate in front and rear, lateral margins 
not subparallel, the greatest width toward the posterior third. Head quite 
enlarged, although a little narrower than the front part of the pronotum, as 
long as wide, including the eyes, longitudinally carinate throughout its length, 
the carina more obtuse on the posterior interocular portion. Interocular 
space more than three times as wide as the diameter of the eye. Eyes small, 
globular, anterior part of head triangular, exceeding the anterior level of the 
eyes by a length equal to its width between the eyes in front. 

Pronotum distinctly longer than its width behind, lateral edges subparallel 
on their anterior three-fifths, quite strongly widened on their posterior two- 
fifths; with four obtuse longitudinal carinse, little accentuated and sub¬ 
parallel, two each side of the anterior part, the posterior part with two 
oblique carina* arising from the anterior median carina and quite divergent 
behind. The anterior depression of the pronotum broadly semicircular, the 
anterior angles quite narrowed, subacute. 

Scutclhuii with three longitudinal carinae, the median continuing quite 
plainly clear to the apex of the scutellum. The two laterals slightly diverging 
behind, vanishing on the middle of the sides of the scutellum, which are 
slightly sinuate before the tip or end. 

Cork insensibly and gradually widened behind on their basal halves, at¬ 
taining their greatest, width behind the middle and narrowing thereafter; 
membrane well developed, regularly subrounded at the extremity. Com¬ 
missure of the clavus almost twice as long as the scutellum. 

Appendages short, quite robust toward the base, attenuated thereafter, 
about half the length of the abdomen. 

Anterior femora quite robust, as long as the pronotum on its lateral edges, 
with a single median tooth easily visible on the inner edge of the groove where 
the folded-up tibia is lodged, this tooth distinctly closer to the base than to 
the apex of the femur; the external side of the groove also appears denticu¬ 
late, as if notched on the basal third of the femur. Neither teeth nor sinuosi¬ 
ties toward the apex of the femur. 

Anterior coxae half the length of their femora. Anterior tibia quite long, 
blackish, with a pale annulation toward the base, and the apical third like¬ 
wise pale; the extremity of the tarsi come to the basal third of the femora 
when the tibia is folded back against the latter. 

Intermediate and posterior legs short, the ends of the posterior femora, 
which are a little shorter than their tibiae, do not reach the suture of the last 
abdominal segment. Intermediate and posterior tarsi with their claws less 
than half as long as their tibiae. 

Median longitudinal part of the prosternum slightly saddle-shaped, pro¬ 
jecting in all its width, more elevated than the lateral pieces, a little flat¬ 
tened and traversed its whole length by a fine median groove; very obtusely 
tuberculate in its anterior part. A greater space between the intermediate 
coxae than between the anterior or posterior coxae. 

Length, 19 mm.; maximum width a little behind the middle of the corium, 
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4.5 min.; at base of pronotum, 3.8 mm.; length of appendages, 7.7 mm., Vic¬ 
toria, Tex. A single specimen, United States National Museum, Washington. 

To the above description Doctor Montandon adds the following 
helpful comparative notes: 

This sj>ecies is intermediate in size between C. volxctni Montd. and (-. 
scorpio Stal (= numtandoni Martin). It differs from C. volxctni Montd. by 
the pronotum being sensibly narrowed in front, while in the latter it is almost 
as wide m front as behind. In this character it approaches more closely to C. 
scorpio Stal, which also has the pronotum quite narrowed in front, with the 
same right-angled anterior angles almost sharp, but its anterior tibiae are, 
however, slightly more elongated than in this latter species; that is to say, 
much more than in C. volxctni Montd. In the character of the median tooth 
of the anterior femur being situated closer to the base than the extremity, 
however, the species approaches C, scorpio Stal, but it is plainly separated 
from the latter by its head being longitudinally carinate throughout its entire 
length, while the head is simply convex between the eyes m C. scorpio Stal 
and almost plain in ('. volxctni Montd. 

Furthermore, in C. scorpio the srutellum is not carinate; the longitudinal 
grooves of the pronotum are also much less emphasized and the anterior 
tibia* are more largely pale, darker only toward the base. 

Tins is the first species of the genus found in the United States. It i< 
to be presumed, however, that others may occur in the Southern states 
neighboring to Mexico, where are found the two species to which 1 have 
just compared it. 

I take pleasure in dedicating this to Mr. L. O. Howard, as an indeed 
feeble expression of my sincere gratitude. 

In the collection of Prof. H. G. Barter are three males from 
Huachuca mountains, Arizona, taken in 1899. They have been 
compared with the type in the United States National Museum 
by Dr. Carl Drake, through the kindness of whom I have been 
privileged to study the structural details of these interesting in¬ 
sects. The United States National Museum has a specimen taken 
by D. C. Van Dine at Camp Travis, Tex., March 30, 1918. 

The species is a compactly built creature. The head is set 
deeply into the prothorax, the anterior lateral lobes of which are 
conspicuously swollen and incurved on their anterior tips to em¬ 
brace a portion of the eyes. The front of the head appears almost 
truncate, due to the tylus and juga being about equal. The 
antennae are small and the lateral prolongation of the penultimate 
segment short (see fig. 8, pi. XLVII). The pronotum has a broad, 
prominent elevation throughout its length. On the anterior half 
of this there is a median longitudinal depression. The genital 
capsule and its claspers are somewhat different from those of the 
species described below (see figs. 7 and 8, pi. XLV), but the specific 
differences are not great. 
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Curicta drakei sp. new. 

Size. Length from 16 mm., in case of smallest male, to 22 mm., in largest 
female—not counting the respiratory filaments, which are from 7 to 8 mm. 
long. The width of the head, including the eyes, from 2 mm. to 2.25 mm.; 
the greatest width of anterior part of thorax, 2.5 mm. to 2.8 mm.; the 
greatest width of posterior portion of thorax. 3 mm. to 4 mm.; the greatest 
width of abdomen, 3.6 mm. to 4.75 mm.; the length of pronotum measured 
along the dorsal median line, 3 mm. to 3.6 mm. 

Color . Obscured by incrustations, which color it, from gray to black. 
The cleaned insect is yellowish to dark testaceous, the dorsum of abdomen 
red. 

Shape. Relatively slender; greatest width of thorax is to length of body 
approximately as 1 is to 5.4. Bides of thorax and abdomen nearly parallel. 

Structural characteristics. The head wider across the eyes than distance 
from caudal margin of head to tip of lora. The length before the eyes greater 
than that behind them. Eyes small, globular Tylus longer than juga. The 
head longitudinally carinate. 

Penultimate segment of antenna; with long, slender lateral prolongation 
(see fig. 7, pi. XLVII). The pronotum with anterior lateral lobes not greatly 
swollen; the lateral margins, therefore, not greatly curved. Three longitudinal 
grooves on disc of pronotum, the median one broad and straight, dividing 
the median longitudinal elevation into two parallel carina?, laterad of which 
are the deep lunate grooves terminating caudolaterally in deep depressions. 
The posterior enlarged portion of pronotum bears four more or less distinct 
longitudinal carinac, which in some specimens appear to arise as bifurcations 
of the two prominent carinse before them, and again as independent eleva¬ 
tions. Scutellum tricarinate, the median eanna more prominent on posterior 
half, the lateral carinac slightly curved and terminating about the middle of 
the lateral margins of the scutellum, these elevations and declivities often 
accentuated or obscured by incrustations. Membrane of wings well de¬ 
veloped, as long as the elytral suture, reticulate, the apex of the wing cover¬ 
ing the basal two-fifths of the genital segment. Operculum of male genital 
segment semicylindrical and slightly constricted „ before the apex, which is 
bluntly pointed and faintly carinate. The metasternal plate short, caudal 
margin nearly straight, the posterolateral prolongations attaining Jess than 
half the length of the coxae and exposing a largo elevated area (as long as 
wide) of stormte behind it. Front coxa and femur stout, coxa one-half length 
of femur, which bears its rather well-developed tooth nearer the base than the 
apex. This tooth is located on the inner edge, two-fifths of the distance from 
the trochanter to the apex of the femur. Tibia one-half as long as femur, 
the apex of the short tarsal segment barely attaining the middle of the tooth 
when tibia is flexed. Mesothoracic femur one-fourth longer than the tibia, 
which is two and one-half t>ihies as long as the tarsus without the claws, 
Metathoracic femur and tibia of equal length, the tibia about three and one- 
half times the length of tarsus without the claws, which are one-third the 
length of the.tarsus. 

Notes. The above species is described from a series of 20 speci¬ 
mens, 16 of which were collected by Mrs. Grace Wiley in Colorado 
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county, Texas. Three were taken in New Orleans, La., and belong 
to Dr. Carl Drake; and one from the state of Coloma, Mexico, is in 
the United States National Museum. The species is named in honor 
of Dr. Carl Drake, who believed the species to be new as long ago 
as 1916, but who never found time to study the matter thoroughly. 

Curicta drakei, while measuring as long as C. howardii , is a much 
more slender species, and appears smaller. Indeed, comparing the 
males of the two species, there is a considerable difference in size 
and shape. The anterior lateral lobes of the pronotum are much 
more prominent in C. howardii , the sides of prothorax, therefore, 
more curved. The median longitudinal fossa in C. howardii is con¬ 
fined to anterior part of the median elevation. The tylus is longer 
in C. drakei, the antenme are differently formed (see figures 7 and 8 
on plate XLVII), and the metasternal plate is smaller. This new 
species differs from C. voLvcmi Montd. from Mexico by its smaller 
size (C. rohrmi is 24 , 4 mm. long without appendages), by the tooth 
on the front femur being conspicuously nearer base than apex, while 
Doctor Montandon’s figure of his species shows the tooth in the 
middle, or nearer the apex. It further differs from C. voire mi by 
having the head longitudinally carinate and the scutellum tricari- 
nate. The thorax is relatively shorter than in C. volxemi, which 
has a thorax twice as long as wide. The front coxa' of C. drakei are 
much shorter. 

It differs from C. scorjno Stal, which, according to Montandon, 
lacks the earina on head and scutellum and has the sides of the 
thorax much as in G\ howardii Montd. The longitudinal grooves of 
the thorax of C. scorpio Stal are less emphasized than in C. howardii , 
which in turn has them less emphazised than C. drakei. All of these 
points separate C. drakei from C. scorpio Stal, and are based upon 
Doctor Montandon’s remarks upon the latter species. Champion, 
in his “Biologia Centrali Americana/’ places Nepoidea montandoni 
Martin as a synonym of C. scorpio Stal. Joanny Martin, under the 
title “Descriptions d’Especes Nouvelles de Nepidae (Hem.)/’ in Bul¬ 
letin de la Soeiete Entomologique de France, 1898, pages 66-68, de¬ 
scribes on page 68 his N. montandoni, and figures the head and 
thorax on the previous page. C. drakei is unlike this species. StaTs 
description of C. scorpio is wholly inadequate. 

Genus Ranatra Fabricius 1790. 

This genus is characterized by its very elongate, slender form. 
It is the dominant genus of the family Nepidae in North America. 
Doctor Horvath, in his paper, “Les Relations entre les Faunes 
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Hemipterologiques de PEurope et de PAmerique du Nord” (Pro¬ 
ceedings of the Seventh International Zoological Congress, 1907), 
lists the genus Ranatra as belonging to the oriental fauna. Since 
that time Doctor Montandon has added several names to our Ameri¬ 
can lists. 

The species in the genus are superficially so similar in color and 
general characteristics that there has been much confusion in 
naming them. The descriptions have been made in several cases 
from a single specimen, without, therefore, a consideration of varia¬ 
tions within the species. They have dealt with comparisons that 
can be appreciated only after long familiarity with the insects, and 
on this account many errors of determination have arisen. The 
most unfortunate circumstances attending the study of North 
American Ranatra has been the failure to recognize the identity of 
Ranatra fvsca P. B. 1805 and Ranatra nigra H. S. 1853, the de¬ 
scriptions of which are inadequate, and therefore, since the types are 
not available,* can be interpreted authoritatively only through the 
examination of abundant and representative material from the 
entire country. 

After studying long series of specimens representing a wide dis¬ 
tribution, the writer has been compelled by the evidence before him 
to place a new interpretation upon our North American Ranatra . 
This he has been reluctant to do, because it involves the renaming 
of our commonest two species. Stability, however, can never be 
attained in this group by postponing or ignoring the evidence that 
eventually must prevail. 

Ranatra fusca P. B. was described and figured in color, natural 
size, by Palisot de Beauvois, in his “I nsec tea reeueillis en Afrique et 
in Amerique, dans les flpyaumes d’Aware et cie Benin,a Saint Domin- 
que et dans les Etats Unis, pendant les annees 1786-1797.” 

The figure is not amplified nor enlarged as suggested by Doctor 
Montandon (Bulletin Soc. Sci. Bucharest, vol. XIX, 1910), who was 
in error in endeavoring to make R. kirkaldyi Bueno, our smallest 
North American Ranatra, fit a drawing that has the dimensions of 
our largest species. He was mistaken in believing J?. kirkaldyi 
Bueno a synonym of R. fusca P. B., for there are two convincing 
reasons for believing R. fudca P. B. is represented natural size. 

First . Palisot de Beauvois in his “Discours Pr&iminairepage 
xv, says, “J’ai adopts, pour la grandelfur des figures, un plan uni¬ 
forme, et qui m’a semblef plus commode, c’est-a-dire, celle d’un pouce 
pour tous les Inseetes plus petite que cette mesure adoptee, en plac- 
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ant k cdtS une ligne perpendiculaire de la grandeur reePSe Panimal. 
Ceux qui excedent un ponce seront figures de leur grandeur na- 
turelle.” 

Second. The plate which bears the figure of Ranatra fusca has 
upon it three figures natural size (one of which is Ranatra fusca) 
and two figures enlarged. These two have the true length indicated 
by a line, and one of these, Naucoris jemorata, of which the writer 
has specimens, fits the line which was drawn to indicate the true 
length. There are on the plate three figures of Belostoma which 
Palisot calls u Nepa ,” male and female, of “Nepa subspinosa nat¬ 
ural size, which are not accompanied by a “line of true length,” and 
Nepa minor, accompanied by a line. The drawing of Nepa minor is 
as large as those of Nepa subspinosa, and yet the author distinctly 
says that Nepa minor is smaller. The line indicates its true length, 
and the inevitable conclusion is that the figure of Ranatra fusca is 
natural size. Indeed, a comparison of drawings with the specimens 
throughout the book show's the author consistently followed his 
stated policy of drawing large insects natural size and indicating 
enlargements by lines, whenever made. 

Palisot’s insects w r ere taken between the years 1786* and 1797. 
Those from the United States, then, were taken from somewhere in 
the eastern United States, for the territories of the United States ai 
that time w T ere bounded on the north by Canada, on the west by the 
Mississippi river, and on the south by the north line of Florida 
Ranatra fusca , therefore was collected within these limits. 

Palisot, in his “Diseours Preliminaire,” alludes to an account of hi> 
travels as being in press. I have not located this, but have secured 
two brief biographical sketches of him; one from “La Grande Ency¬ 
clopedic,” vol. XXV, and the other more complete, from P. Larousse. 
“Dictionnaire du XIX Seide 12,” page 66. Neither of these mention 
a book of his travels. From these accounts w r e learn that he came to 
Philadelphia first in 1791 to secure assistance against a Negro up¬ 
rising in San Domingo, wliere he w r as taking part in govermental 
affairs. He seems to have been in the United States for some time, 
for upon his return to San Domingo he narrow ly escaped death at 
the hands of the blacks (1793). He escaped to Philadelphia with¬ 
out funds and supported himself there by giving lessons in music* 
and language. Finally he secured help from France to make a 
scientific voyage in North America for new* collections, and returned 
to his own country in 1798. He died in 1820. These brief facts 
indicate that most of his days in the United States were spent about 
Philadelphia, and it seems to me probable that many of his insects 
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were collected in that region. The possibility of his R, fusca, not 
being known to us in nature seems to me quite remote. 

According to the figure, Ranatra fusca of Palisot de Beauvois is 
a large, robust insect with broad anterior femora and short legs and 
respiratory tube. The question is, what insect of the range indi¬ 
cated has these characters? After careful consideration of the 
problem T must conclude that the only one with the proper size, 
robustness, broad femora and short legs is Ranatra americana 
Montd. It has the variable respiratory tube, usually longer than 
Palisot’s figure, but not uncommonly as short, and in every case 
shorter than the body. The failure of the artist to indicate any 
apical tooth on the anterior femur is readily understood, since we 
know that this character is often obscured by a marginal fringe of 
pile so completely as to escape any but the closest scrutiny. It is 
indeed a somewhat variable structure; in some examples much re¬ 
duced, and in others plainly visible. The writer has in his collection 
specimens which fit Palisot/s figure almost exactly. 

The second species with which we are concerned is Ranatra nigra 
H. S. This species was described in 1853 from America by Herrich 
Schaffer in his “Die Wanzenartigen Insecten.” It was described as 
being from 2 to 2 1 /* inches long from beak to tip of respiratory 
tubes, with the respiratory tubes not much over half as long as the 
body; indeed, he says they wore three-fourths of an inch! Now the 
only species we have which in a series of specimens has a respiratory 
tube averaging three-fourths of an inch long is R. protensa Montd. 
Doctor Montandon described his R. protensa from a single large 
female, which, because of its very yellowish color and shorter limbs, 
did not suggest R. nigra to his mind. Indeed; considered alone, it is 
not at all to be expected that it would. R. nigra was described as 
having the structure of thorax and relative length of limbs as in R. 
clongata. Now, R. elongata has very elongate hind femora, the tips 
surpassing the last abdominal suture by a considerable distance. 
The length of limb in R. protensa Montd. is, on the whole, not as 
great as in R. elongata, but is strikingly longer than in R. linearis 
L., with which he compared it in size, and this suggested R. elongata. 
Indeed in many specimens <if R. protensa Montd. the hind femora 
surpass the last abdominal suture. The front legs of R. protensa 
are long and very slender and the thorax is more like that of R . 
elongata than of R . linearis . Doctor Montandon said that he had 
never seen any specimens from North America with legs as in 
elongata. We have three species with limbs relatively as long. 
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It seems scarcely necessary to mention that the color implied by 
the name nigra has nothing to do with the case, for black coloration 
occurs in all the species, due to one of two causes—either dark in¬ 
crustations or deposits upon the integument, or dark discoloration 
due to failure in drying out the specimens. Either of these causes 
might account for a uniform dark or black color in a given series 
of insects. 

There are other facts relative to the identity of these species 
which will be presented under notes after the various descriptions, 
to which the reader is referred for further evidence. Aside from the 
points mentioned, the probability of our two commonest and wide¬ 
spread species being first described is of itself very great. 

The list of the species of Ranatra now known from America north 
of Mexico is as follows: 

Ranatra jusca P. B. 1805 = Ranatra americana Montd. 1910. 

Ranatra nigra H. S. 185{J = Ranatra protensa Montd. 1910. 

Ranatra quadridentata Stal 1861. 

Ranatra kirkaldyi Bueno 1905 and its variety hoffmanni , n. var. 

Ranatra brevicollis Montd. 1910. 

Ranatra buenoi, sp. new = Ranatra fusca Bueno and Mondt. in 
part. 

Ranatra drakei, sp. new. 

Ranatra australis , sp. new. 

It will be noted that R. quadridcntata Stal, completely submerged 
in Van Duzee's catalogue under R. americana Montd., is restored. 
Dr. F. H. Snow, in Trans. Kan. Acad. Sci., vol. XX, pt. 1, p. 153, 
1906, was not writing about the species which Doctor Montandon 
later described as 7?. americana , but another which we believe to be 
R. quadridcntata Stal, and should not have been synonymized by 
Van Duzee. It will also be seen that R, annulipcs Stal is omitted. 
This R. annulipcs Stal is a very distinct species and not to be mis¬ 
taken for any the writer knows from our range. Doctor Montandon 
has established, through the examination of types and type ma¬ 
terial, that R. fabricii Guer. is the same as R. annulipcs Stal. Fig¬ 
ures of this species are given in this paper, because it has been cited 
as coming from our range. 

The variety, edentata Montd., of R. americana Montd., is as¬ 
sumed to be an americana with attenuated apical tooth on front 
femur. Whether it should be recognized as a variety is questionable. 

The entire question of the correct names for the Ranatra was, as 
the writer has stated, opened by the necessity of naming four species 
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from Kansas. The problem was undertaken with no preconceived 
notions in the matter, except, indeed, a leaning toward accepting 
Doctor Montandon’s studies, since he is a great scholar in the 
Cryptocerata and was followed by Van Duzee in his catalogue. The 
results herewith presented may be received with some irritation, 
because of the revolution necessary in nomenclature, but it seems 
best for us to get as near the truth as the evidence permits. 

In an endeavor to fix the limits of the species, the writer has 
studied the characters used by the best systematists in the group 
and in addition, antennal and genital structures. The relative length 
of body parts, the comparative size of the eyes, the relative length 
of the limbs and of the caudal filaments, the shape of the sternum 
and the form of the front femora have been in general use in the at¬ 
tempts to define nature’s species in this genus. Species are expected 
to vary within limits, and breeding experiments with insects show 
them to vary, not only in single characters, but in linked characters, 
and in order to steer a fair course between “lumping” and “split¬ 
ting” species, it is much better to use a combination of three or more 
characters than to depend too much upon any single one. The use, 
therefore, of the characters of the antenna' and genitalia is a ma¬ 
terial aid in the classification of this difficult group. 

NOTES ON TERMS USED IN KEYS AND DESCRIPTIONS. 

The apical tooth of the front femur is on the inside edge of the 
front femur near the attachment of the tibia (see fig. 2-A, pi. 
XLIV). The antenna' are hidden in pockets beneath the eyes (see 
fig. 9, pi. XLV). The prothorax of Kanatra is divided into two 
parts, anterior and posterior, by transverse lateral grooves (see fig. 
2-G, pi. XLIV). The tylus and juga* are figured on plate XLV, 
figure 12. The metaxyphus extends back between the hind coxa? 
as a part of the metasternum. The last abdominal segment is desig¬ 
nated as the “genital segment,” and its ventral plate in both sexes as 
the “operculum.” 

In this paper I have not distinguished between the genital seg¬ 
ment and the last abdominal segment, as is often done with some 
other Heteroptera, where the last abdominal segment is considered 
the segment just in front of the genital segment. I refer to this as 
the penultimate abdominal segment (see figs. 10 and 11, pi. XLV). 

The male genital capsule of which I speak is, I take it, homolo¬ 
gous with what G. G. Crampton in the Bulletin of the Brooklyn 
Entomological Society, volume XVII, pages 45-55, calls the hypan- 
drium,” and the claspers correspond to his “styli,” or “gonostyles,” 
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TECHNIQUE USED. 

The antennae are often covered with debris that should be re¬ 
moved. If the antennae are still difficult to see, the specimen may be 
relaxed and antennae moved into view with dissecting needle. The 
genital capsule of the male lies in the last abdominal segment, en¬ 
tirely hidden. To examine this, relax the specimen in a moist cham¬ 
ber, then holding the specimen on its right side in the left hand, 
lower the operculum with a dissecting needle and draw out the 
capsule. A needle with just the very tip turned at right angle is 
best to use. It can be inserted alongside the capsule, turned so 
that the hook is against the capsule, and slowly withdrawn, bringing 
with it the desired organ. If the respiratory filaments start to come 
also, loosen the capsule from them by inserting the needle between 
capsule and filaments on each side. The capsule may be removed 
entirely and mounted upon a card below the insect, or simply drawn 
into view. The insects are not in the least damaged, and the male 
capsules may be taken out and operculum pressed back into place 
by a careful person without it being detected by the closest exam¬ 
ination of the exterior. 


KEY TO THE SPECIES. 

A. Antennae simple, distal end of the penultimate segment without lateral 
prolongation. Front femora broad and stout and not narrowed near 
middle. 

B. Front femora without apical tooth or marked sinuosity. 

R. kirkaldyi Bueno. 

BB. Front femora with apical tooth of a marked sinuosity. 

R. kirkaldyi Bueno, 
var. hoffmarmi, new. 

AA. Ant£mue with distal end of penultimate segment with a lateral pro¬ 
longation. Front femora somewhat narrowed in their middle section. 

B. The lateral prolongation of the penultimate segment of antennas 
not greater than one-half of the length of the ultimate segment. 
Front femora very slender and without apical tooth. 

C. Prosternum with a single wide, deep longitudinal trough. Eyes 
very prominent. 2?. buenoi, sp. new. 

(= R. jusca Bueno.) 

CC. Prosternum without the deep trough, but possessing two 
longitudinal depressed lines characteristic of most species of 
Ranatra . R. nigra H. S. 

(=22. protensa Montd.) . 

BB. The lateral prolongation of the penultimate segment of antenn® 
greater than one-half the length of the ultimate segment. 

, C. Sides of body (connexivuip) embracing the operculum of the 

genital segment at its extremity (see fig. 11, pi. XLV), 

22. annulipes Stal. 
(=12. fabricii Gu6r.) 
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CC. Sides of body not embracing the genital operculum at its ex¬ 
tremity (see fig. 10, pi. XLV). 

D. Pronotum broad and short, anterior enlargement sub¬ 
equal in width to entire head. Anterior femur broad and 
stout without apical tooth. Median tooth half way be¬ 
tween trochanter and tibial joint (measured on inner 
edge). Metaxyphus very long, extending beyond middle 
of hind cox®, nearly attaining abdomen. 

R . brevicollis Montd. 

DD. Pronotum more slender. The median tooth of anterior 
femur nearer distal than proximal end. Metaxyphus 
not often extending beyond the middle of hind cox®. 

E. Front femur broad without apical tooth. 

F. Jug® of head more prominent than tylus. 

R. australis , sp. new. 
FF. Tylus fully as prominent as jug®. 

R. jusca P. B. 
(var. edentula Montd.) 
EH Front femur with apical tooth. 

F. Anterior portion of prothorax fully twice as 
long as thickened posterior portion. Eyes 
large, plainly greater than interocular space. 
Jug® of head prominent. Front femur long 
and slender. Hind femur surpassing middle of 
penultimate abdominal segment. Caudal fila¬ 
ments as long as body. R. drakei, sp. new. 
FF. Anterior portion of prothorax shorter than 
above. Eyes not much, if any, greater than 
interocular space. Jug® not so prominent. 
Front femur fairly stout. Middle and hind 
femora short, not attaining middle of penulti¬ 
mate segment. 

f G. Eyes prominent, plainly transverse, fully 
as large as interocular space. Anterior 
part of pronotum somewhat flattened 
dorsoventrally. Hind femora short. 

R. jusca P. B. 

(= R. americana Montd.) 
GG. Eyes not prominent, neither transverse 
nor as large as interocular space. An¬ 
terior part of pronotum more cylindrical. 

R. quadridentata Stal. 

Ranatra kirkaldyi Bueno. 

Bueno, J. R. de la Torre, Can. Ent. XXXVII, p. 187, 1905. 

(r= R. fusca Montd., Bui. Soc. Sci. Bucharest, XIX, p. 8; 1910.) 

Original description: 

Abdominis dorsum orange brown; eyes small, not very prominent; pro¬ 
thorax much constricted at the middle, bisulcate beneath; wings smoky; 
anterior femora broad with a prominent tooth near the middle, otherwise 
smooth; posterior tarsi extending beyond the middle of the air tube; air 
tube shorter than the length of the abdomen; legs banded. Length from tip 
of abdomen to tip of rostrum, male, 23 mm. to 26.4 mm.; female, 27 to 31 mm. 
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Notes . This is the species that Doctor Montandon has con¬ 
sidered a synonym of R. fusca P. B. # Its much smaller size ( R . 
frnca P. B. measures 37 mm.) is not the only reason for believing 
otherwise. The anterior femora of R. kirkaldyi Bueno are not con¬ 
stricted near the middle tooth as they are in R. fusca P. B. The 
front legs and respiratory tube are both shorter relatively than in 
Palisot’s figure. This is the smallest known species in North Amer¬ 
ica. It is a characteristic species, quite unrelated and distinct from 
the others. In the first place, the antennse are much reduced. They 
are straight, lacking any projections from the penultimate segment, 
and often lack anything more than a constriction to distinguish the 
terminal segment. The ultimate segment is sometimes fused with 
the penultimate (see figs. 9 and 11, pi. XLVII), but all stages of 
separation can be found. The male genital claspers are also very 
distinct, as shown by figure 5 on plate XLVI. 

Specimens of this species taken by Beamer and Hungerford in 
Cherokee county, Kansas, were identified by Mr. J. R. de la Torre 
Bueno. They agree with the original description in lacking any 
apical tooth or sinuosity near the apex of the femora. They measure 
from tip of beak to base of filaments, from 24 to 30 mra., with the 
filaments from 14 to 17 mm. long. I have seen the true R. kirkaldyi 
Bueno from New York. 

In addition to the above Kansas series, I have before me the 
following series of 127 specimens as follows: 

8 Rockbridge, Ohio, 9-30-16, C. J. Drake. 

1 Rocky Mount, N. C., 10-19-16, R. W. Leiby. 

3 St. Paul, Minn., Phalen Lake, 6-19-21, H. B. Hungerford. 

1 St. Paul, Minn., Lake Johanna, 6-26-21, H. B. Hungerford. 

4 Ramsey county, Minnesota, 1-9 22, W. E. Hoffman. 

7 St. Paul, Minn., Lake Johanna, 10-13-22, W. E. Hoffman. 

9 St. Paul, Minn., Lake Johanna, 10-14-22, W. E. Hoffman. 

32 St. Paul, Minn., Lake Johanna, W. E. Hoffman. 

3 Lincoln, Neb., 1 male, 2 females, W. E. Hoffman. 

39 St. Paul, Minn., Water Supply Canal, 10-18-21, W. E. Hoffman. 

16 St. Paul, Minn., Lake Johanna, 9-24-21, W. E. Hoffman. 

4 St. Paul, Minn., Lake Johanna, 9-17-21, W. E. Hoffman. 

I have also seen a series of 170 taken by Doctor Drake in Ohio. 

These Minnesota specimens have certain characteristics which 
set them clearly apart from the Kansas series, yet there can be no 
mistake in considering them as belonging to the same species. Since 
I have had a fairly good series of these insects, which are smaller 

•See plate XLIX, figures 1 and 2. 
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than the Kansas forms, more robust, with front femur relatively 
thicker and possessing a more or less well-marked sinuosity near the 
inner apex, with antennae which, on the whole, are blunter at tip, 
and the subapical tooth of the claspers of male slightly more slen¬ 
der, it seems wise to consider them a variety, for which I propose 
the name Ranatra kirkaldyi var. hoffmanni. It will be noted that 
Mr. W. E. Hoffman has provided me with the longest series of this 
variety. In a series as large as this, it would seem that if the variety 
were not fixed there should be found forms like the true kirkaldyi, 
which is described as having “anterior femora broad with a promi¬ 
nent tooth near the middle, otherwise smooth.” 

Ranatra buenoi , sp. new. 

= R fusca Bueno, Can. Ent. XXXVII, p. 188, 1905. 

Bueno and Brimley, Ent. News, XVIII, p. 488, 1907. 

Bueno, Ent. News, XXXII, p. 278, 1921. 

Montandon; determination in U. S. National Museum. 

Size. Length from tip of beak to tip of abdomen, 32 mm. to 38 mm.; caudal 
filaments, 22 mm to 27 mm. long. 

Color. From light to very dark fuscous; top of abdomen orange and black; 
middle and hind legs of lighter forms banded. 

Shape . Long and slender, prothorax long and slender; eyes very prominent 
and large; limbs all very slender and very long; the under side of prothorax 
with a single broad and deep sulcus, which distinguishes this species from any 
of our other forms (see fig. 6, pi. XLVIII). 

Structural peculiarities. The eyes very prominent, transverse diameter 
greater than the interocular space; tylus longer than jug® and as prominent 
as these parts, which are of medium development; antenn® with the lateral 
prolongation of penultimate segment not more than half the length of ulti¬ 
mate; prothorax slender, the anterior portion measured on the median dorsal 
line, twice the length of the posterior swollen part (the well-marked long trans¬ 
verse lateral grooves used as dividing line); scu^ellum somewhat elevated and 
slender and the length of the abdomen is to pronotum as 2 l A is to 1; respira¬ 
tory filaments surpassing front margin of scutelluin when brought forward; 
claspers of male genital bulb very distinct; subapical tooth greatly reduced 
(see fig. 1, pi. XLVI); all the limbs strikingly long and slender, especially the 
anterior femora (see fig. 1, pi. XLVIII); no apical tooth on anterior femur, the 
other tooth much nearer the apex than the base, the basal part being at least 
IVj times as long as the part lying before the tooth; the coxa two-thirds as 
long as the femur. 

The middle and hind legs long, the distal ends of hind femora surpassing 
the last abdominal suture and often nearly attaining caudal end of genital 
segment, while the middle femora frequently attain or surpass the caudal 
margin of penultimate abdominal segment; the distal ends of middle and 
hind legs almost attaining tip of respiratory filaments; the relative lengths 
of femora to tibi® are about as 16 is to 19 for the middle leg and as 16 is to 
22 for hind leg. The tarsi are small relatively, a little less than one-sixth as 
long as their tibi®. 
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Notes . Described from the following series: 

Male holotype, Colorado county, Texas, June 24, 1922; Mrs. Grace Wiley, 
collector. 

Female allotype, Colorado county, Texas, June 24, 1922; Mrs. Grace Wiley, 
collector. 

Paratypes as follows: 

2 $ $ Raleigh, N. C., July 10, 1902; F. Sherman, jr., collector. 

$ Mound, La., November 6, 1918. 

9 Aberdeen, Miss.; Dr. Carl Drake. 

3 9 $ and 1 $ Leland, Miss., September 16, 1921; C. J. Drake. 

9 Creve Coeur Lake, Mo., May 15, 1911; J. F. Abbott. 

& Dime Box, Tex., July 20, 1911; C. T. Atkinson, collector. 

17 $ $ and 22 9 9 Gainesville, Fla., June 19, 1918; Carl Drake. 

Holotype and allotype in University of Kansas museum; para¬ 
types in collection of Dr. Carl Drake, J. R. de la Torre Bueno, and 
the author. 

This species has been named for Mr. J. R. de la Torre Bueno, 
who pointed out its structural characters in 1905.* It has also 
been named by some workers R. fusca, P. B., and by at least one 
R. nigra H. S. It is clearly impossible for it to be either. The error 
of considering it R. fusca P. B. has been due to the inadequate de¬ 
scription of R. fusca P. B. and to the fact that the original text with 
illustration has not been accessible to many, if any, American stu¬ 
dents of this group. By taking Palisot de Beauvois’ figure of his 
R. fusca and comparing it with the species above described, it will 
be seen at once that the species are not the same. The long, slender 
limbs, the great eyes, the long thorax, the relative position of the 
tooth on the front femur, and the relation in length between femora 
and tibiae of the legs, preclude the possibility that Palisot’s artist 
had R. buenoi, sp. new, before him. The front legs of R. fusca P. B. 
are stout, not exceedingly slender. The median tooth of front femur 
is nearer the middle than in R. buenoi , sp. new. The anterior part 
of prothorax is less than twice the swollen part. The middle femora 
and tibiae are nearly the same length as they are in R. americana 
Montd., for instance, and not considerably different in length as in 
R. buenoi , The hind femora are considerably shorter relative to the 
abdomen in R , fusca P. B. The tarsus of R. fusca P. B. is larger, 
being one-fifth as long as its tibia and not one-sixth as in R . buenoi 
sp. new. In other words, its proportions fit another American spe¬ 
cies, but not R . buenoi . 

This species is not R. nigra H. 8., for R . nigra H. S. has uni¬ 
formly short respiratory tube of three-fourths inch and measures 


See GUI, Ruto., vol. XXXVII, p. 188; 1905. 
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over all from tip of beak to end of filaments 2 to 2 % inches, while 
this species has a tube averaging a full inch and varies in size from 
2Ys to 2 1/2 inches. The shape of the eyes as shown in Herrich- 
Schaffer's figure, is very different, and the size which he says is 
“not larger than R. linearis,” would at once eliminate it, for in 
R. buenoi they are very large, but not so large as in R. elongata, 
specimens of which I have seen. 

For illustration of this species, see figures 1 and 2, plate XLVI; 
fig. 12, plate XLVIT; figure 1, plate XLVIII; and figure 5, plate 
XLIX. This species, as Bueno has written, is southern in distribu¬ 
tion. Besides the localities above cited, I have seen it from Way- 
cross, Ga., taken by J. C. Bradley, U. S. N. M. 

Ranatra ?iigra Herrich-Schaffer. 

Hmirh-Schaffer, G A. W., Wanxeimrtigf*)i Insecten, IX, p. 32; 1S53. 

(~ Ranatra protcnm Mould and all sukseqiunt enters ) 

Original description: 

R. nigra in. tub. 290, fig L. 2 = 2 Vs”. Nigra, t.ubis rcspiratonbus Jongi- 
tudinem dimidmm corporis parum superantibus. (Irdsse fast von R. linearis, 
schwarzer, die Augen night grosser aber seitlieh inehr vort.retend, del* Seheitel 
duher broiler. Ban des Thorax und Liingenvorhaltnisse dor Berne wie bei 
R. elongata. A\\> Atnorika. 

In addition to the above, and in the discussion relative to the 
genus Ranatra and the species R . elongata , R. filifornm , R. linearis, 
macrophthalma and R. nigra , he gives notes of comparison which 
throw further light upon his species. He says R. elongata has the 
longest respiratory tube (1% inches) and R. nigra has the shortest 
( 3 4 inch). The color is darkest in ft. nigra , “die Augeri sind am 
gross ten bei macrophthalma , am kleinstep bei linearis , am rundes- 
ten bei letzerer, am meisten?lie Quere gezogen bei nigra” His state¬ 
ment of length, 2 to 2Y$ inches from tip of beak to tip of tube with 
“Athrnungsrohren nicht viol fiber halb so lang als der Korper,” in¬ 
dicate that he had a series of the insects. 

Notes . The only species of our country which agrees in size and 
uniformly short length of respiratory tube with the description of 
R. nigra is the insect w T e know under the name R. protensa Montd. 
Doctor Montandon had before him a single large, fairly short- 
limbed female, which is his type deposited in the United States Na¬ 
tional Museum. This <j> was collected by Wm. H. Ashmead on 
Long Island. The respiratory tube is shorter than the abdomen. 
The legs extended would surely reach the tip of the respiratory tube. 

Ranatra nigra is quite common over our country everywhere I 
have collected. It is most unfortunate that it was described from 
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blackened specimens, for indeed it is our lightest-colored species, 
being of a yellowish color with a trace of green throughout. This 
species has very prominent mesocox® and metacox®, which are 
angular, having a slight tubercle on the inner side. The breast, or 
prothorax in front of the mesocoxal elevations, is constricted and 
small, making the coxal elevations very pronounced. 

The United States National Museum possesses, besides the type, 
specimens from Virginia, West Virginia, Pennsylvania, Maryland, 
Arkansas and Florida. 

I have before me a series of seventy-nine specimens from Doni¬ 
phan county, Kansas, taken by Robert Guntert and W. J. Brown; 
ten from Douglas county, Kansas, and forty specimens taken by 
Mr. W. E. Hoffmann and myself from the following places in 
Minnesota: Lake Johanna, Phalen lake and Minnehaha creek, all 
near the twin cities. We have also taken it in other parts of the 
state. Careful study of ample material, well distributed, shows 
that by far the commonest size is, total length, tw r o inches, with re¬ 
spiratory tube three-fourths inch! The length of hind femur rel¬ 
ative to abdomen varies, sometimes attaining the front margin of 
the genital segment and sometimes falling somewhat short of this. 
The eyes are transverse and somewhat protuberant. The jug® fit 
closely against the tylus. The lateral prolongation of the penulti¬ 
mate segment of the antenna* is less than half the ultimate. The 
front femora are very slender and cox® long. On page 156 of the 
University of Kansas Science Bulletin, vol. XI, where 1 give an 
English translation of Doctor Montandon’s description in French 
of R. protema , I should have written, “Anterior femora quite slen¬ 
der, but scarcely a fifth longer than their cox®/' instead of “as long 
as”—a careless error. 

Ranatra anmdipcs Stal. 

Stal, Of. Vet. Aktul. Forh., XT, p 241, 1854 

Original description: 

R. annulipes: Flavotestacea; hemelytris fuscescente testaceis; pedibus obso¬ 
lete fuscoannulat.is; spiraculis nigrofuscis. Long. 30, lat. 3% millim.—Brasilia. 

In 1861, under the title “Genera Nepidarum synopticc desposita,” 
in his “Nova methodus familias quasdam Hemipterorum dispon- 
endi,” “Ofversigt af Kongl. Vctenshaps akademiens forhandlingar, 
Arg. 18, 1861, No. 4, he gives a more satisfactory description: 

Ranatra annulipes. Stal. Nepidse, 1861, p. 9. 

R . annulipes . Pallide testaceo-grisea, pedibus obsolete fusco variis; abdo- 
rnine dorso sanguinoo-fusco, lateribus gviseo-flavesoentibus, stigmatibus nigris, 
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dorso pellucentibus; fronte convexiuscula; alia levissime infuscatis; prostemo 
bisulcato; femoribus anticis pone medium intus unidentatis, extue ibidem 
at prope apicem inermibus, interraediis posticis subbrevioribus, his ad medium 
segmenti ultimi abdominis porrigendis; aidothec® appendicibus corpori ®qui- 
longis. Long. 30 millim. BrasiJea (Mus. Hohn.). 

Ranatra annulipes Stal. Of. Vet. Ak. Fdrh., 1854, p. 241-1. Prsecedentibus 
duabus affinis et cum iisdem divisionem forma metasterni distinctissimam, 
Americam habitantem formans. Secundum formam metasterni in divisiones 
quattuor distinctas, determinationem specierum facilitantes dividi potest 
Ranatra genus.” 

Doctor Montandon (Bui. Soc. Sci. Bucharest, XVIII, 1910), who 
has examined Guerin’s type of R . fdbricii (1857) pronounces it to 
be the same as R. annulipes Stal, 1854. Sagra’s Historia fisica, po- 
litica y natural de la Isla de Cuba, volume VII (1857) is not avail¬ 
able to many of our workers; therefore, Guerin-Meneville’s descrip¬ 
tion of R. fabricii follows: 

Ranatra fusoa tubo respiratorio corpore paulo longiore; pedibus anteriori- 
bus nigro-fuscis; corpore infra obscure ferrugineo. Larg. 35, Anch. 3 millim. 

Notes. This species is distinguished from all our species by hav¬ 
ing the connexivum of the genital segment enlarged and extended 
ventrally at the caudal end embracing the distal portion of the geni¬ 
tal operculum (see fig. 11, pi. XLV). I have never seen specimens 
of this species from the United States and Prof. H. G. Barber in¬ 
forms me that his record from Texas was on a mistaken identifica¬ 
tion. Mr. W. L. McAtee says the species appears to be common 
in Cuba. 

Ranatra fasca Palisot Beauvois. 

Palisot de Beauvois, A. M. P. J., Ins. Rec. Afr. Am., p. 285; 1805. 

(= R. Americana Monld., 1910, and subsequent writers.) 

Original description: 

Ranattre brune . Brune-verdatre; soies un peu plus eourtes que le corps; 
ailes brunes-rottgeatres. (Fig. 1.) 

Ranatra jusca. Vtridi-fusca; setis corpore brevioribus; alis fusco-rubellis. 
(Fig. 1.) Etats-Unis d’Amerique. 

Ohs. Cette espe^e differe de celle d'Europe par sa couleur plus pale, par les 
soies qui terminent I’abdomen, plus eourtes que le corps, par les ailes et le 
dessus de l’abdomen d’un brun rougeatre. 

Notes . A photographic reproduction of Palisot’s figure (natural 
size) is given on plate XLIX, figure 1. On a previous page I have 
stated the evidence to show that Palisot’s illustration is natural size. 
Size alone shows that Palisot’s species is not the same as R . fctr- 
kaldyi Bueno. It also eliminated R . nigra H. S. (= R . protensa 
Montd.). The short legs and stout front femora eliminate R. fused 
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Bueno. Even after making due allowances for “artist’s license,” 
it is not conceivable that the careful artist illustrating Palisot’s spe¬ 
cies could have been looking upon 22. fusca Bueno. The eyes of R. 
fusca Bueno are strikingly large, the anterior femora very slender, 
and the middle and hind tibiae much larger in proportion to their 
femora than in Ranatra fusca P. B. 

Doctor Montandon (Bui. Soc. Sci. Bucharest, XIX, 1910), who 
also has examined Palisot’s figure, says in effect regarding it: “. . . 
When one considers only the essential details for the characteristics 
of a form, such as the proportional length of the legs and append¬ 
ages, one recognizes without difficulty its short and very robust an¬ 
terior femora, its very little developed posterior legs, and its ap¬ 
pendages shorter than the abdomen . . 

He was led into error by assuming the figure to be a great en¬ 
largement of Bueno’s R. kirkaldyi, winch cannot be true according 
to the facts elsewhere presented in this paper. Doctor Montandon 
says that his R. americana is readily distinguished by the shape of 
the prothorax, and indeed he is correct. The posterior enlarged part 
is plump and then narrows to a slender neck, then widens again in 
front. Any student with much experience with American Ranatra 
will recognize this characteristic at once (see Palisot’s figure repro¬ 
duced on plate XL1X, figure 1). Compare it with the photographs 
of our other species. Palisot’s insect was broad and large; our only 
species comparable to it is R. americana , which is as large, some¬ 
times a trifle larger. The anterior portion of prothorax is about 
one and one-half times the swollen posterior portion; so it is in R. 
americana Montd. (in R . fusca Bueno [= R. buenoi y sp. new] the 
anterior part is about twice the posterior part). The legs are short; 
so with R. americana Montd. The large ratio of length of tarsus to 
the tibia, 1 to 5+ (in R. fusca Bueno, 1 to 6+), shows similarity; 
also the hind tibia is a little longer than the femur, but not as much 
as in 12. fusca Bueno. The broad anterior femora agree with 22. 
americana , but the apical tooth is not shown. This, however, is a 
character which all students of this group realize could be overlooked 
readily. Sometimes the space in front of the tooth is filled with 
debris, obscuring the tooth; sometimes the tooth itself is much re¬ 
duced. Doctor Montandon has a specimen from Philadelphia and 
another from Texas which lack the tooth and which he designates 
under the name R. americana var. edentula. In many of the speci¬ 
mens the tooth, therefore, is not marked and must have been over¬ 
looked by Palisot’s artist. The caudal filaments are comparatively 
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short in the figure; so they are in many specimens of R. americana. 
I possess examples with even shorter filaments. On the whole, I 
should say the average is longer, but not as long relatively as in 72. 
buenoi, sp. new (= R. fusca Bueno), or in R. drakei, sp. new, or in 
R. australis, sp. new. It is most robust and, on the whole, our larg¬ 
est species. I have collected it in New York, Minnesota and Kansas 
in numbers, and have seen specimens from various other states. 

Ranatra brevicollis Montandon. 

Montandon, A. L. # Bui. Soc. Sci. Bucharest, XVIII, p. 184; 1910. 

Original description: 

Ranatra brevicollis nov. sp. C’est bien a regret que je deeris cette nouvelle 
forme sur un exemplaire malheureusement unique, assez peu dissemblable, au 
premier aspect de R. quadridentala Stal, mais ses earact^res specifiques no 
premet tent pas de la confondre avec les autres especes jmea ou quadridentala 
dont elle difYere par ses femures anterieurs tres legerement sinu6s vers leur 
extrernito. Elle a aussi une soule Amt devant la sinuosite mediano de femur. 
Un peu plus trapue, de forme moms allongee que H. fusca Pall, dc B., ee qui 
pourrait la rapprocher de R. quadridentala Stal, elle se separe aussi franche- 
ment de cette dermere par la forme du pronotum beaucoup plus court. En 
effet l'insecte a 34 null, de longueur, sur lesquels la tote et le pronotum nont 
que 10 mill Les appendices de 22 mill, sont sensiblemont plus courts que 
labdomen. Les femurs mtermeduires et post ^ricurs courts, replies en availt 
dopassent a peine la fete. 

Lti pronotum tres robuste presque trois fois plus court que labdomen, assez 
fortament dilate en avant c't trbs fortement elargi en arriere, ne permet pas de 
la confondre avec R. kirkaldyi T. B. 11 ost en outre marque de deux sillons 
longitudinaux un peu obliques sus les cotes, dernere la dilatation anteneure, 
n’atteignant pas en avriere les sillons transversaux qui limitent en avant la 
partie posterieure dilatee du pronotum. Cette derniere marquee dune careno 
longitiulinale lnediane evanescente en arribre, mieux aecentuee en avant ou 
elle traverse les sillons transversaux qui lnnitent la partie patten cure dilatee. 

Les pattes pas tres greles, un peu plus courtes proportionnellement que 
celles de R. quadridentata Stal; femurs rougeatres, marques d’ anneaux pales, 
larges, peu visibles. 

Metasternum en plaque, temiine au milieu en arriere par un prolongement 
retreci entre les handles posterieures, paraissant plus releve que chez JR. fusca 
P. de B. et R. quadridentata Stal, mais moins cependant que chez R. jabridi 
Guer. = annulipes Stal. 

Cette espece se distingue encore des trois autres formes connues de l'Amer- 
ique du Nord par l’opercule' genital $ depassant un peu sous la base des ap¬ 
pendices. Le segment ventral qui precede Fopercule genital presque droit sur 
son faite longitudinal tres peu convexe avant Textr^mite. 

L’espace interoculaire convexe entre les yeux, mais sans trace de tubercuJe, 
k peine plus large qu’un mil. Les yeux tres legerement transversaux. 

San Diego, Cal. Coll. Coquillett. U. S. N. M., Washington. 
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Notes . I have examined the type at the United States National 
Museum, the single example from which Doctor Montandon drew 
his description. It is a female. There is also a male with same data, 
that probably was taken with the type, and in addition there are 
two females from Eldorado county, California. One of them bears 
this note: “Fife of this insects were seen feeding on one grass¬ 
hopper which got into the water.” Another specimen, a female, 
from Lindsey, Cal., taken by C. Pemberton, is also in the National 
Museum. I have in my collection some specimens from Laguna 
Beach, Cal., taken by C. T. Dodds. To me the most striking char¬ 
acter of Ranatra brevicollis is the apparently truncate head; the 
head does not appear broader than anterior part, of pronotum, which 
is thick and short. The anterior lateral prolongation of the penulti¬ 
mate segment of the antenna is short, but little more than half the 
ultimate. 

The salient characters, as assigned to this species by Doctor Mon¬ 
tandon, are: Body thick-set, pronotum short, appendages shorter 
than abdomen, the legs not very slender, a little shorter proportion¬ 
ally than those of R. quadridentata Stal; metasterna 1 plate with a 
middle prolongation between the posterior coxa', more elevated than 
in R. fusca P. B. (— R. buenoi , sp. new), and R. quadridentata Stal, 
but less, however, than in R. jabricii Guer. = annuli pcs Stal. He 
says also that the genital opercule extends a little under the base of 
the appendages and the ventral segment which precedes the genital 
opercule almost straight on its longitudinal summit, very little con¬ 
vex before the extremity. I find, however, that the male operculum 
does not extend under the ba§e of the appendages. 

All of the insects of this species which I have seen came from 
California. (See fig. 2, pi. XLVIII; fig. 3, pi. XLV; fig. 14, pi. 
XLVII; fig. 3, pi. L.) 

Ranatra australis f sp. new. 

Size . Smallest specimen in our series measures 32 mm. from tip of beak 
to tip of abdomen with a respiratory tube 27 mm. long. The largest specimen 
is 37 mm. long with a tube 30 mm. long. 

Shape . On the whole a slender species with a long prothorax and long 
hind femora. 

Structured peculiarities. Eyes normal; jug® very prominent, more ele¬ 
vated than tylua, a characteristic that distinguishes this species; antennae 
with lateral prolongation of penultimate segment nearly as long as ultimate. 
Prothorax slender, sides fairly straight, the anterior portion measured on the 
median dorsal line two more or less times the posterior swollen part.. Respira¬ 
tory filaments quite long, a little less than length of the insect. The elasper 
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of the male genital capsule with the anteapical prolongation truncate and 
short and well separated from the apical. (See fig. 3, pi. XLVI.) Front 
femora broad without apical tooth. Hind femora surpassing the middle of the 
penultimate segment of the body and the hind tarsus reduced to one-sixth 
of its tibia. (See fig. 4, pi. XLVIII; fig. 1, pi. L; and fig. 15, pi. XLVII.) 

Notes. Described from the following: 

Holotype: Male, Colorado county, Texas, June 24, 1922; Mrs. Grace 
Wiley. 

Allotype: Female, Colorado county, Texas, June 23, 1922; Mrs. Grace 
Wiley. 

Para types: Five males and four females, Colorado county, Texas, June 
23 and June 24, 1922; Mrs. Grace Wiley. 

Nine males and three females, Gainesville, Fla., June, 1918; C. J. Drake. 
One female, New Orleans, La., June, 1915. 

One male, McComb, Miss., July 27, 1921. 

One female, Fayette, Miss., July 23, 1921; C. J. Drake. 

One male, Mound, La.,; J. C. Bradley (teneral specimen). 

One male, Calyell, La., June 16, 1917; H. H. Knight. 

One male, Kissimmee Lake, Florida; A. N. Resse. 

Total of twenty-nine specimens from Texas, Florida, Mississippi 
and Louisiana. The last specimen, belonging to the U. S. National 
Museum, was labeled R. fusca by Doctor Montandon in 1909, and 
bears the following interesting note: “Alligator flea, water dog, said 
to bite or sting severely. Swamp east of Lake Kissimmee, Osceola 
county.” 

The holotype and allotype and two paratypes are in the Uni¬ 
versity of Kansas collection; paratypes are also in the collection 
of Dr. C. J. Drake, Ames, Iowa; the United States National Mu¬ 
seum, Washington, D. C.; J. R. de la Torre Bueno, and the collec¬ 
tions of Mrs. Grace Wiley and of the author. 

This species is smaller, slenderer and longer limbed than R . jusca 
(=R. americana Montd.). It differs also in the following particu¬ 
lars: 

1. The jug® more prominent than tylus—not true in R . fusca P. B. 

2. The eyes are smaller than in R. fusca P. B. 

3. The pronotum is longer; the anterior part two more or less, times the 
posterior part., whereas in R. fusca P. B. it is 1% to 1%+. 

4. The sides of prothorax more nearly parallel and posterior swollen part 
not so swollen. 

5. The hind margin of pronotum roundly and broadly emarginate, whereas 
in R. fusca P. B. (=#. americana Montd.) the emargination is deeper and 
narrower. 

6. The two depressions on the scutellum are deep and pitlike, while in R . 
fusca P. B. they are shallow and broad. 
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7. The hind femora longer, surpassing the middle of the penultimate body 
segment, often almost attaining its caudal margin. Femora not so de¬ 
veloped in R. fusca. 

8. Hind tarus of R . australis one-sixth or less of the tibia; one-fifth or less 
in R. fusca P. B. 

9. Metaxyphus usually longer. 

10. The female operculum angulate on its ventral line, while it slopes gradu¬ 
ally and is longer in R. jusca P. B. 

11. The respiratory filaments are relatively longer in R. australis sp. new, than 
in R. fusca P, B. 

12. The front femora lack the apical tooth; R. fusca P. B. has one more or 
less marked. 

Ranatra drakei , sp. new. 

Size. Length from tip of beak to tip of abdomen 35 mm. to 46 mm.; in 
addition to this, the respiratory filaments are from 28 mm. to 44 mm. long. 

Color. All the specimens in the series studied are yellowish brown with legs 
and tegmena overcast with an orange tinge. 

Shape. A long, slender species with prominent eyes; long, slender protho¬ 
rax; hind femora surpassing the middle of the last abdominal segment, and a 
very long respiratory tube. 

Structural peculiarities. The eyes very prominent, transverse diameter 
greater than interocular space; jug® prominent and divergent; antennae 
with lateral prolongation of penultimate segment a little more than half the 
length of the ultimate segment; prothorax slender, the anterior portion 
measured on the median dorsal line 2Ms times length of the posterior swollen 
part. The length of abdomen is to length of pronotum as 2% is to 1; the 
respiratory filaments long, as long as entire body in many of the specimens, 
greatly surpassing the limbs. The claspers of the male are shown on plate 
XLVI, figure 11. The limbs are long and slender; front femora slender, median 
tooth considerably nearer apex than base; distal tooth well marked and 
located at some distance away from the tibial joint, this distance being about 
one-fourth the length of that part of femur lying in front of the median 
tooth (see fig. 3, pi. XLVIII); middle and hind femora long; distal end of 
hind femora attaining, or nearly attaining, the caudal margin of the penulti¬ 
mate abdominal segment; the ratio between femora and tibia not quite but 
nearly as great as in JR.’ buenoi, sp. new. See plate L, photograph 4 of para- 
type specimen.) 

Notes . Described from eleven specimens, seven males and four 
females, taken at. Gainesville, Fla., ten of them by Carl Drake, June, 
1918, and one specimen taken March 18, 1915, collector unknown; 
holotype in collection of Carl Drake, allotype in University of Kan¬ 
sas collection, paratypes in the above collections and in that of the 
author. 

This species has the general appearance of R . buenoi , due to the 
large eyes and elongate, slender body. It differs from that species, 
however, in the front femur possessing a well-defined apical tooth; 
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in more prominent jugse; in differently formed antennae; in its longer 
thorax; in the respiratory filaments greatly surpassing the limbs 
when extended backwards, and in the differently formed claspers of 
the genital capsule of the male. It cannot be confused with any 
other of our species. 

Kanatra quadridentata Stal. 

Still, Ofverhifft af Kongl Vetrnskaps akademiens foihandimgar, Aig. 18, 1881, No. 4, 
p. 204. 

Original description: 

Grisea, pedibus immaculatis; abdominis dorso sanguineo; oculis modice 
prominulis; thorace antice leviter ampliato, subtus bisulcato; alis levissirne 
infuscateii femoribus anticis subtus pone medium et prope apioem, licet hie 
obsolete, bidentatis, intermedus posticis vix aequilongis, his basim segmenti 
penultimi abdominis vix superanlibus; metastern o ut in prsecedentc. Long. 33 
to 36 millim. Mexico. (Mus. Hohn.) Preecedenti affinis. 

The “preceding” is R. unidentata, from Rio Janeiro, and concern¬ 
ing its metasternum he says, 

“metasterno retrorsum fere ad apicern coxarum posticarum producto, ecg- 
mentum ventrale primum tegente, uti videtur postice trilobato, lobis continuis, 
elongatis, medio convexo, lateralibus depressis, subarcuatis.” 

Notes. Van Duzee’s catalogue completely submerges United 
States records of this species under R. americana Montd.* This is 
not justified, because Doctor Snow in his list (Trans. Kans. Acad. 
Sci., vol. XX, pt. 1, p. 153; 1906) was not writing about the insect 
that Doctor Montandon described as R. americana. I have before 
me Doctor Snow’s insect from San Bernardino Ranch. Cochise 
county, Arizona, the same thing from Mexico, and a series from 
Texas. These insects agree splendidly with Doctor Montandon’s 
comparative notes on Stal’s species, cotypcs of which he has studied 
carefully. 

When Doctor Montandon described his R. americana (Bui. Soc. 
Sci. Bucharest, XIX, p. 65, 1910) he gave some remarkably clear 
notes of comparison between his species and Stal’s R. quadridentata . 
The latter is not so robust, the eyes smaller, not so transverse, the 
interocular space not so convex; checks not so elongate, but not 
applied so closely against the tylus, which is shorter, making the 
head before the eyes appear shorter. The median construction of 
the pronotum is not nearly so marked and the anterior part more 
cylindrical. I may add that the anterior part of the prothorax is 
longer proportionally, the legs are longer and metaxyphus longer. 

* Van Duzee’s catalogue, qmdrinotato. Doctor F. H. Snow published a list of the in¬ 
sects taken by him in Arizona, and listed R . quadridentata Stal as one of them. 
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SUMMARY. 

The Nepidffi of North America north of Mexico now include a 
total of eleven species and two varieties, distributed as follows: 
one Nepa, two Curicla, and eight Ranatra species with two varieties. 
This count omits R. annulipes Stal, which probably does not occur 
in our range. The naming of our two commonest and widespread 
species, under the two oldest names given, is as conclusively shown 
as can be done without authentic types. We have decided that our 
large, robust, short-limbed form, with broad anterior femora, is R. 
fusca P. B., and that our slender-limbed form, with uniformly short 
respiratory filaments, is R. nigra H. S. This, most unfortunately, 
reduces to synonymy R. americana Montd. and R. protensa Mondt., 
names by which these species have been well known to us for the 
past ten years. The antennae and genital claspers of the males have 
been of value—very striking and satisfactory characters in most of 
the species. The genital capsules themselves are of little value sys¬ 
tematically in most of the Ranatra. The intromittent organ of the 
male has a more or less definite and characteristic shape at its tip 
(compare figures 6-1 and 8-1, plate XLVI). Care has been taken 
to examine material from various localities in order to fix the limits 
of variation of these characters. 
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PLATE XLIV. 

Fia. 1. Egg of Ranatra jusea P. B. (=R. americana Montd.) dissected 
from a water-soaked dead cat-tail blade. 

Fig. 2. Diagrammatic drawing of Ranatra. A, apical tooth of front femur* 
M, median tooth of front femur. C, front coxa. G, prothoraeic transverse 
grooves which separate the “anterior part of the pronotum ,} from the “swollen 
posterior part.” 8, scutellum. 

Figs. 3 and 5. Stridulating device of Ranatra . Figure 5 shows ventral view 
of head and a portion of prothorax. The rubbing of the roughened patch ( A) 
on the base of the coxa (C) against the file (B) on the inside edge of the an¬ 
terior lateral margin of the prothorax (P) produces the chirping or squeaky 
noise. D, antennae. Figure 3 gives an enlarged lateral view of base of coxa and 
anterior lateral margin of prothorax cleared so that the file shows through. 
Lettering same in both figures. 

Fig. 4. Ranatra eggs in situ in soft, decaying cat-tail leaf, a portion of 
which has been removed to expose the eggs. 

Fig. 6 . Genus Cur iota. Note that it is intermediate in shape between 
Ranatra and Nepa. Until the appearance of this bulletin only a single speci¬ 
men was recorded from the United States. 

Fig. 7. Egg of Curicta drakei, sp. new, dissected from the tissues of a de¬ 
caying plant stem, where only the crown of fifteen filaments was exposed. 
Drawing made from material secured by Mrs. Grace Wiley in her life history 
notes on this species. 

Fig. 8. Egg of Nepa apiculata Uhl, Note the eleven filaments which remain 
exposed above the surface of the plant in which the eggs are inserted. 

Fig. 9. Genus Nepa. Represented in the United States by a single species, 
Nepa apiculata Uhl. This species varies considerably in size, but no constant 
structural detail has been found to indicate that the variants are not conspe- 
cific. 
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PLATE XLV. 

Fig. 1. Clasper of male of R. dim gal a Fab., deter mined by Doctor Mon- 
tandon. S ? subupical tooth. 

Fin. 2. Genital capsule of male of R. clongata Fab., determined by Doctor 
Montandon. Compare figures 1 and 2 with figures 3 and 4. Note the differ¬ 
ences in shape of claspers, their relative lengths as shown in figures 2 and 4. 
The intromittent organ, I, is also often characteristic of a species, but not 
always, and subject to some variation. The capsule itself in Ranatra is of 
little value. 

Figs. 3 and 4. Clasper and capsule of male R. brevicollv < Montd. from 
California. 

Fig. 5. Inside view of left clasper of ('urieta drake i, sp. new. Compare 
with figure 8, C. howardii Montd. The *hape of the clasper near the base is 
not the same in the two species. 

Fig. 6. Male genital capsule of C. drahn , sp. new, viewed from right side. 

Fig. 7. Male genital capsule of (7. hoimrdii Montd. 

Fig. 8. Inside view of left clasper of C. houwrdii Montd. 

Fig. 9. Ventral view of head of Ranatra to show the antenna*, which lie 
hidden. Sometimes they aft 1 covered with debris, which should be scraped 
away. It is often wise to relax the specimen and draw the antenna into a 
more exposed position. The front coxa also sometimes obscures the view and 
should be moved while specimen is relaxed. 

Fig. 10. Lateral view of caudal end of abdomen and base of respiratory 
filaments of Ranatra nigra H. S. (7, connexjvuui. R, respiratory filaments. 
0, operculum of genital segment, considered in this paper as last abdominal 
segment. P, considered in this paper as the penultimate abdominal segment. 

Fig. 11. Lateral view of caudal cDd of abdomen and base of respiratory 
filaments of Ranatra fahricii Guer. from Cuba. Montandon says it is identical 
with R. annulvpcs Stal from Brazil. 

Fig. 12. Dorsal view of head of Ranatra. Ii, beak. jugum. T, tylus. 
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PLATE XLVI. 

Figs. 1 and 2. Clasper and male genital capsule of Ranatra buenoi, sp. 
new. Note the reduced subapical tooth of the clasper and the spatulate form 
of the tip. 

Figs. 3 and 4. Ranatra australis, sp. new,- Note the truncate subapical 
tooth of the clasper and its distance from the apical one. 

Figs. 5 and 6. Ranatfa kirkaldyi Bueno. S, subapical tooth. C, clasper. 
I, intromittent organ. This species is clearly quite distinct in its relationship 
from the others. Note the shape of the intromittent organ and of the clasper. 

Figs. 7 and 8. Ranatra quadridentata Stal. I am not able to find any 
constant differences between this and R. fusca P. B. (=i£. americana Montd.) 
m respect to the male genitalia. The male of the latter species has, on the 
whole, a more slender clasper. 

Figs. 9 and 10. Ranatra brachyura Horv,, 1879, said to be same as R, 
sordidula Dohrn., 1860. From Japan. Confused by a student of this family 
with R. protensa Montd. and so labeled. Compare figures 9 and 13. 

Figs. 11 and 12. Ranatra drakei, sp. new. 

Figs. 13 and 14. Ranatra nigra H. S. (=zR. protensa Montd.). The pre¬ 
ceding species and this one have clampers which are broad in their middle 
parts, but the shape at the tip distinguishes them. 

Figs. 15 and 16. Ranatra linearis Fab. From Europe. Berlese, in his 
Gli Insctti, p. 323, figures this species. Note that the difference between the 
clasper of this species and that of our American species is more apparent than 
the superficial appearance of the insects when side by side in the cabinet. 
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PLATE XLVJI. 

Fig 1. Ventral view of male genital capsule of Nepa apiculata Uhler. 
From North America. 

Fid. 2. Lateral view of elasper of above. Compare with figure 4 of N, 
rinert a L. of Europe. 

Fid. 3. Ventral view of male genital capsule of Nepa cincrca L. 

Fig. 4. Clasper, lateral view of Nepa cinerra L. 

Fig. 5. Antenna of Nepa apiculata Uhler. From New York. 

Fio. 0. Antenna of Nepa cinerra L. From Europe V, ultimate antennal 
segment. P, penultimate antennal segment. L, lateral prolongation of penulti¬ 
mate segment. The splendid antennal and genital characters separating these 
two species of Nepa illustrate the taxonomic value of these hitherto unused 
structures m the Nepidai. In the drawings which follow, do not attach sig¬ 
nificance to the basal segment, but to the last two segments. 

Fid. 7. Antenna of Curiria drakei, sp. new. 

Fid 8. Antenna of Curicta Howard H Montd. 

Fids. 9 and 11. Antennae of Ranatra kirkaldyi Bueno. Sometimes the ulti¬ 
mate segment is fused with d he preceding segment and sometimes entirely 
separate. 

Fid. 10 Antenna of Ranatra nigra H. S. (= R. protenm Montd.). 

Fig. 12. Antenna of Ranatra buenoi , sp. new. 

Fig. 13. Antenna of Ranatra drakei, sp. new. 

Fig. 14. Antenna of Ranatra brevicollis Montd. 

Fig. 15. Antenna of Ranatra australis, sp. new. 

Fra. 16. Antenna of Ranatra quadridentata Stal. 

Fig. 17. Antenna of Ranatra fusca P. B. (=/?. amrricana Montd.). 
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PLATE XLVIII. 

Fig. 1. Front femur, tibia and tarsus of Ranatra burned , sp. new. Note its 
very slender form and the position of the median tooth. 

Fig. 2. Ranatra brcvicollvi Montd. The median tooth is nearer the middle 
than in any of the others. The tibia is relatively longer. 

Fig. 3. Ranatra drakei, sp. new. Note the slender form and the position of 
the apical tooth. 

Fig. 4. Ranatra australis, sp. new. It lacks the apical tooth, and the an¬ 
terior portion of the femur is not enlarged toward the distal end as in 
R. fusca P. B. 

Fig. 5. Ranatra fusca P. B. (=R. a merkana Montd.). From Ithaca, N. V. 

Fig. 6 . Ventral view of head and prothorax of R. busmoi, sp. new. To show 
the deep longitudinal trough. Compare with figure 10, which lacks it. 

Fig. 7. Ranatra ktrkaldyi Bueno. Note that the femur is not constricted 
in the region of the rnediap tooth. Compare with R. fusca P. B., figure 5. 
This from Kansas. 

Fig. 8. Ranatra nigra H. S. ( =zR . protensa Montd.) 

Fig. 9. Ranatra kirkaldyi Bueno var. hoffmarmi new. Apical tooth or 
marked sinuosity present. From Minnesota. 
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PLATE XLIX. 

(Ail photographs natural size.) 

Photo 1. Photograph of Palisot/s figure of Ranatra jusca , reproduced exact 
.size, 

Photo 2. Ranatra kirkaldyi Bueno. Largest specimen in a long series. 
A female from Cherokee county, Kansas, determined by Mr. J. R. de la 
Torre Bueno. This is what Doctor Montandon has mistaken for Ranatra jusca 
P. B. Besides size, note shape of front femur. Not constricted as it is in 
figure 1. 

Photo 3. Ranatra jusca P.B. (= R. amcricana Montd.) Note the general 
resemblance to original figure by Palisot (photo 1 above), the shape of the 
thorax, the broad anterior femora, the size of the insect, the reduced hind 
femora, etc. For other figures of this insect, see plate LI, photographs 3 and 7. 
Figure 7 is the only one to show the apical tooth of the front femur plainly. 
The writer has forms with the respiratory tube of various lengths. The short¬ 
est perfectly formed tube is shown on plate LI, figure 3. 

Photo 4. Ranatra kirkaldye Bueno var. hafjmanni, var. new. 

Photo 5. Ranatra huenoi, sp. new (=R. jusca Bueno). Compare with 
Palisot s R . jusca (photo 1). The relative proportions of the front femora, the 
length and shape of thorax, limbs and filaments. The long tibiae and reduced 
tarsi. This photograph is of a paratype. ^ 
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PLATE L. 

(.AH photogiaplis natuinl m/p ) 

Photo 1. hUinatra oust mbs , s]>. now. Differs from R. fu&ra P. B. by shape 
oi piothorax, longer respirator) tube, lack of apical toolh on front, femora 
arid by it* (delated jugie, a!" well as marked differences m the genital claspers 
of the male Southern in distribution Photograph from paratype 

Photo 2. Ramitra utqra H. S (r_ H pmfatMt Mould ) 'Phis insect in a long 
senes fits the original description most remarkably, except lor the color, which 
is of no consequence at all: “Size 2-2Ns inches from beak to tip ol filament" 
Filaments Vt inch long: limbs long and slender.” Photo f> is another speci¬ 
men—the lattei fiom Minnesota, the tormer from Kansas. 

Photo 3. Ranntia hrertcnlhs Mould From California Note the slant 
bioad thorax and its relation to the* size of the head 

Photo 4. Ramtm rfrakei, sp. new Slender Iron! femora \wtfl apical tooth, 
large eyes, long thorax, long 'limb", and von long te^pnaton filament" 
(Photograph fiom paratype) 

Photo 5. Rauatra mara FI S (— H /ao/easo Montd ) 






PLATE LI. 

(All plioloRiaplis natuml m/o ) 

Photo 1. R. (fiutdiidi ntaia Still. Small specimen taken by Doctor Snow 
m Arizona. 

Photo 2. ('inn id hoiraidu Montd Photogiaph fiom male belongum 1o 
Professor Barber. Compared with type at Washington by Doctor Drake, 

Photo 3 Ranalra fusea P. B Specimen from Minnesota with \ery -hort 
but pci feet lv formed rospiratoiv filaments The tips me noimal. 

Photo 4 ('uncta drakvi, sp nt'\\ Male holotype. 

Photo 5. Xepa mien a L Male from Ki trope. Compare with Xepa ajn- 
ndata Uhl from Minnesota, photo S. then note struetutal differences honied 
on plate XLV1I. 

Photo 6. ('urn ta drain i, sp new. Female allotype 

Photo 7. Ranalra fuara P.P> Shows how long the respuatorv filament.- 
mav be and how marked tlie apical tooth of front femur. 

Photo N Xrpa apieutata l'hi. Female from Minnesota. 
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A Study of the Relation Between Function and Growth 

in Body Cells. 

BY MONTROSE T. BURROWS, M D 

The Department of Surgery, Washington University School of Medicine and the Barnard Free 
Skm and Cancer Hospital, St Louis, Mo 

I N THE BODY, growth is a definitely regulated act, which dur¬ 
ing development takes place irregularly in one part and then in 
another. At maturity it ceases in most tissues, except as it is neces¬ 
sary to replace tissue or cells lost by injury, to meet the demands 
of an increased function of the whole or a part, and to take care of 
the general wear and tear. Function, on the other hand, such as 
heart-muscle contraction, is something that, once established, goes 
on continuously throughout the life of the individual. 

Growth in the body is, therefore, that which has a maturity or 
has limits, while function (rhythmical heart-muscle contraction) 
has none. 

These two processes are related in only one regard: lor a given 
amount of work of contraction there is a constant size. A stimulus 
which induces an increase in work on the part of the heart induces 
also an increase in the size of the organ, while one which induces a 
decrease in work leads to atrophy. What is true for the heart is also 
true for muscles in general and for the kidneys, liver and other or¬ 
gans of the body. Growth of the muscle fibers and cells of these or¬ 
gans is proportional, therefore, to their rate of activity or to the rate 
of their metabolism. That the same is true in the embryo, even be¬ 
fore differentiation and the development of function, has been clearly 
pointed out by Child.* 1 Child again points out that with each de¬ 
crease in growth rate there is a decrease in the rate of metabolism, 

* Superior figures refer to numbered paragraphs of the bibliography at the end of this 
article. 
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and that this metabolic rate increases markedly in lower forms after 
starvation or when they are regenerating lost parts. 

The question of growth regulation may, therefore, be temporarily 
set aside for a study of the conditions which regulate metabolism in 
general in the cell. As the tables for growth clearly show, the 
metabolic rate in the organism is never constant (Child and Thomp¬ 
son). 2 In early embryonic life the increment is high, then it gradu¬ 
ally decreases, with irregularities, up to the death of the individual. 
In the early stages of development the blastomercs are simple, ex¬ 
panding, growing cells. Later they differentiate and assume a func¬ 
tional state. That this differentiation and the development of func¬ 
tion is brought about by the continuous changing environment ef¬ 
fected by the growth and filling up of cells in the growing individual 
has been clearly indicated by many already well-known studies of 
experimental embryology. 3 What we have not known are (1) the 
nature of those conditions which bring about these changes, and (2) 
the importance of these changes for the life of the organism itself. 

In later life we have learned to recognize the fact, however, that 
all tissues do not become actively functioning cells. A part of the 
mesenchyme changes to muscle and glands, while another part re¬ 
mains in what appears to be a more primitive state, such as the cells 
of the interstitial tissue, bone and cartilage. The same is true for 
epithelium. A part is used for covering and protection and another 
part becomes functioning glands. For the sake of simplicity, I shall 
call the cells which are active in the glands, in the muscle, etc., as 
functioning cells, in contradistinction to those of the connective tis¬ 
sue, bone, cartilage and the epithelial coverings, the nonfunctioning 
cells. This is not a strict use of the termfc, but the latter resemble 
more closely in their behavior the undifferentiated cells of early life. 

There was a time when it was thought that all life processes cen¬ 
tered within the cell. At the present time there is some question 
whether this is true. The primary changes in early development ap¬ 
pear to be a rapid swelling of the mass, a rapid inhibition of water 
and oxygen, a rapid elimination of COa, and a secondary splitting 
of the whole into cells. Cellular growth, division and differentiation 
are not primary activities, but apparently secondary to other more 
formative forces or stimuli. Life does not manifest itself the same 
throughout the life of the animal. In the beginning it is recognized 
chiefly by the rapid expansion of the whole, the rapid division of 
cells and the careful building of its various parts. This period of 
building is completed in man, as is well known, within ten days after 
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birth. Subsequent to this time no new organ or parts of organs are 
formed except the laying down of the nerve sheaths. All subse¬ 
quent growth is merely the expansion of previously formed struc¬ 
tures. It is like hypertrophy and hyperplasia, as they result from 
stimulation of the adult organs. 

With the completion of the building of the organs, function has 
made its appearance. Growth unlike that of the earlier period now 
runs hand in hand with new forms of work. This growth continues 
to maturity, when it ceases, except as it is to take care of the wear 
and tear, so to speak, and to play a part in certain organs and tis¬ 
sues, such as the bone marrow, the sex glands, and the nail- and 
hair-beds. Atrophy then slowly intervenes. This continues to the 
inevitable death. 

The general nature of the structure and the metabolism which 
leads to this sequence of changes in the organism is the pertinent 
biological question to-day. Child 1 in 1915 reviews the general the¬ 
ories that have been advanced and attempts to give a physicochemi¬ 
cal explanation of the process. Child, appreciating the relation 
between the slowing of growth and the decrease in metabolism, 
makes the general assumption, applying the “law of mass action/’ 
that the decrease in metabolism may he explained as the result of 
the gradual accumulation within the cell of an insoluble substratum. 
Since differentiation and the development of function takes place 
hand in hand with this slowing of metabolism, he looks upon them 
also in the same light. He considers the changes in the structure— 
differentiation—the result of the same slow deposit of the same sub¬ 
stratum. This substratum he conceives as one of the products of 
the metabolic reaction. The reaction then, like any incomplete re¬ 
versible physicochemical reaction, becomes slowed and this sub¬ 
stratum accumulates, and ceases when it reaches a certain con¬ 
centration. Death is the equilibrium point for this reaction. 

While there is little doubt that many heterogeneous, like 1 many 
homogeneous, reacting systems reach their equilibrium by this route, 
there does not seem to be sufficient, evidence to show that the body is 
exactly of this kind. Again, all such systems which do arrive at 
such an equilibrium are first put together by some external force. 
In nature one cannot obtain more energy from any system than what 
has been put into it. This is the law of the conservation of energy. 
Child looks upon rejuvenation, then, as the result of the removal of 
this substratum and of dedifferentiation. Differentiation is not, there¬ 
fore, according to Child, a change peculiar to a definite period, but 
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rather the result of growth, or the dynamic state of the cell. Senes¬ 
cence is an inevitable consequence suffered by all cells, whether they 
be’ unicellular organisms or cells of the metazoa. To put it in his 
own words, “Senescence is a necessary and inevitable feature of 
growth and differentiation, while rejuvenescence is associated with 
reduction.” Differentiation he defines as a process of specialization. 
It takes place in the cells when they are suffering a moderately ac¬ 
tive metabolic rate. Decrease in this rate favors differentiation. 
Increase it and dedifferentiation tends to occur. Reduction is dif¬ 
ferent. It is not the reverse of growth. Growth is the “accumula¬ 
tion of certain substances formed in the course of the reaction which 
are physiologically more stable than other substances that break 
down, furnish energy, and are eliminated.” Reduction takes place 
when the breakdown is not balanced by the synthesis. Using 
Child’s own data, I see no reason why this process may not be 
formulated, however, in a much more definite manner and in a man¬ 
ner more consistent with not only other natural phenomena, but also 
with the picture of development and later life as they have pre¬ 
sented themselves through morphological studies. In the early 
periods of development, just after the fertilization of the egg, the 
rate of metabolism is high. The work performed during this period 
is the building of a heterogeneous mass out of a previous simple egg 
cell. This process of building is completed early. The metabolism 
at the time of completion is lower than at previous times, but it is 
still high. Subsequent to this time this metabolic rate, then, de¬ 
clines progressively to death. The picture at the beginning is there¬ 
fore entirely different from the later one. It is the building of the 
machine, which, when once established, slowly runs down. The pic¬ 
ture in development is that of the forcible putting together of parts, 
which are then to react with one another to produce work. This re¬ 
action continues in each case to an equilibrium or death, like any 
such machine built by man. While the metabolic rate is high in this 
machine it grows. This growth ceases (maturity) when this meta¬ 
bolic rate reaches a certain minimum. Then atrophy slowly sets in. 
Normal death is not the accumulation, but the gradual using up of 
the parts. It is the passing of heterogeneous system to a state of 
equilibrium. 

Such an explanation looks upon the life of the organism, there¬ 
fore, as the result of some unknown force, active only in its early 
period, beginning with the fertilization and ending with the forma* 
tion of the last organ and parts of organs. This force disappears at 
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birth or thereabouts. Subsequent to this time life is merely an ex¬ 
pression of the gradual deterioration of the previously built hetero¬ 
geneous system or the interaction of its various parts, which follow 
the law for the disintegration of all such heterogeneous systems. 
Life of the animal ends with the establishment of an equilibrium be¬ 
tween the parts of the organization which produce the work that 
really constitutes life. The energy for the building of the first 
period is derived, therefore, in the later period. 

Systemic or general death is nothing more, therefore, than the 
establishment of a true equilibrium, or a breakdown in one of the 
essential parts of the body. This is not the end, however. What 
we have been talking about so far is the life of the organism, and 
not that of the cell. The end of the individual does not mean the 
end of all its parts. The cells are not dead at this period. They are 
all intact. This system is able to reproduce itself. The normal 
death of the' whole is not the result of the death of the cells. The 
cells which make up the whole arc destroyed, rather, by the process 
of the death of the whole. These cells, as we now know, go on for¬ 
ever under the proper circumstances. Out of one of them in the 
old, the egg cell, comes a new individual. Their destruction at the 
death of the individual is the result of this general death. Their 
destruction is the result alone of their position. Systemic life and 
systemic death are something different, therefore, from elemental 
life and elemental death. The first has limits; the other may have 
none. The question is, What is the nature of this system which can 
show such changes? This cannot be solved by a study of the animal 
as a whole. It cannot be solved by the study of the amopba, be¬ 
cause it is an animal itself. It must be solved through a study of 
those cells which go through these changes, those cells which find 
this building of an animal and the ultimate disintegration of this 
animal their normal means for preserving their kind. The amoeba 
need take no such complicated route to preserve its kind. These 
cells of the animal must take this course in order that they survive 
and that the proper environment be prepared for their reproduction. 
Child has ignored this fact completely. He has assumed a continu¬ 
ous dynamic state for the cell without any proof of its existence. 
He has again assumed that the life of the whole is only an elabora¬ 
tion of the life of the cell. He has assumed differentiation to be a 
peculiarity of all cellular life. He has assumed the protoplasm of 
cell to have structure capable of performing work. The best bio¬ 
logical work of the last century has not only added no proof for 
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these general assumptions formulated by the earlier authors, but 
quite the reverse, it has spoken against them. As Bayliss states, 
there is not evidence that cells are necessarily dynamic. The best 
morphological studies of protoplasm have again failed to show struc¬ 
ture in many cells other than nucleus and centrosome. As Wilson 
clearly states, cellular growth, division and differentiation are not 
primary factors in development, but secondary to more formative 
forces or stimuli. In the simple formulation which I have given above 
it is possible to understand how the organism not only reproduces 
itself, but it expresses definite need for the differential changes as 
they come into existence. The energy for the primary building is 
acquired from the old. The old is a machine not different in prin¬ 
ciple from other machines of nature. 

As I shall show in the following pages, the main criticism of 
Child’s theory is that he utilizes theories to build theories. He ac¬ 
cepts the idea of the cell as the unit of manifested life of the organ¬ 
ism without question. Before any theory of life and death is justi¬ 
fiable of acceptance it is necessary that the true nature of the struc¬ 
ture and the metabolism of the cell be ascertained. This is not go¬ 
ing to be accomplished by morphological and chemical methods 
alone, nor by a study of the metabolism of the whole, but by 
methods which allow us to study directly each of the fundamental 
manifestations of life, sucli as growth, division, differentiation, 
migratory movement, etc. The (issue culture has given us this 
opportunity. In support of the above contentions it iff of interest to 
report here some general analyses so far carried out by this method. 

THE CONNECTIVE-TISSUE CELLS. 

As is well known, practically all previous work on the cell in re¬ 
gard to the nature of its energy-producing reactions and the man¬ 
ner of the transformation of this energy has been based upon the 
idea that the cell is a highly organized body. While for years it has 
been assumed that amoeboid movements are comparable to surface 
tension changes in liquids, all theories have been based upon the 
idea that these amoeboid movements are the result of localized 
changes in surface tension resulting from some unknown organiza¬ 
tion residing within the Cell. All modern physiochemical methods 
have failed, however, to reveal any such organization. This has led 
one and then another to assume that the organization is either the 
result of a slow diffusion of substance in the colloids of the cell 
(Wells) 5 , a peculiarity of colloids not yet organized, or to invisible 
membranes traversing the protoplasm. 
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As $arly as 1913 7 I had noted, however, that the movement of the 
cell of the organism is not one which is governed necessarily by such 
factors. 8 These cells in the medium of the cultures move always 
out and away from other cells; and in further studies carried on over 
several years, I have continually noted that the large number of 
these cells show no change in contour during their movement. Their 
movements are not amoeboid. They glide along like bodies carried 
by some external force. 

The picture observed in these cells is not that of a highly organized 
body, but one liberating a surface-tension-lowering substance. 
Their movements are like those of cayenne-pepper granules dropped 
on the surface of water. When a number of such granules arc scat¬ 
tered on the surface of the water they shoot apart. This moving 
apart is the result of the liberation by them of a surface-tension- 
lowering substance. This accumulates in greater concentration be¬ 
tween the granules. These* granules are pulled apart, therefore, by 
the greater force of the water surface without. u 

While the connective-tissue cells take the same course* outward, 
they never become completely dispersed. These* cells again fail to 
show movement on the surface or within a liquid medium, but move 
only and show evidence of metabolism in the presence of the fibrino¬ 
gen contained in the blood plasma which 1 had used chiefly as a 
medium. In a liquid medium these cells round off to perfect spheres. 
In the plasma cultures they stick tightly to the fibrin formed in the 
coagulation of the plasma. In contact with these fibrils they spread 
out to take various shapes. These shapes are always peculiar to the 
surface of their contacts. 10 

Not only the character of the movement of these cells, but their 
general effect, upon the clot, further indicates that they liberate such 
a surface-tension-lowering substance. This substance differs in its 
physical properties from that liberated by the granules of cayenne 
pepper, however, in that it is apparently not soluble in water, but it 
is adsorbed or chemically combined with the fibrinogen. The cells 
not only stick tightly to the fibrin, but they occasion its formation. 
When a fragment of connective tissue is placed in a drop of plasma 
it occasions first a gelation of the whole of the layer, and then later a 
true coagulation. This gelation commences at the tissue border and 
spreads rapidly, to invade quickly the whole of a large area of the 
fluid plasma. After a considerable latent period, the coagulation, the 
formation of fibrin and serum, commences. This true coagulation 
again begins at the tissue border and spreads slowly outwards, to 
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involve after many days a small area about the fragment. 11 With 
this second coagulation the cells appear. They are in close contact 
with the fibrin and they glide out just behind the spreading area of 
change in the jellylike clot. This movement continues only so long 
as the process of coagulation proceeds. The cells are elongated 
spindles closely cemented to the fibrin, yet capable of gliding on its 
surface. With the completion of the coagulation their movement 
ceases. They come to rest. In this state they will remain ap¬ 
parently indefinitely unless fresh fibrinogen is added. When this is 
added they again occasion its coagulation, move into it, and again 
come to rest when the coagulation is completed. 

The whole picture of activity in these cells is that which can be 
readily interpreted in terms of the liberation by them of some sub¬ 
stance insoluble in body fluids, but readily adsorbed or chem¬ 
ically combined with fibrinogen. The combination leads to the 
formation of fibrin. The movement and the clinging of the cell to 
the fibrin indicates further that this substance is one which has 
strong affinities for the cell. These cells do not crawl, but they 
glide, and are held firmly to the fibrin. Their gliding is directly 
proportional to the spread of the coagulant. Such can take place 
only in presence of a substance which is strongly attracted, not only 
by the fibrinogen, but also by the cell. Energy production in these 
cells is centered, therefore, about this substance. How it is formed in 
the cells becomes, then, a problem of interest. The fact that the 
cells come to what appears to be complete rest in the coagulated 
clot indicates that it is the product of the one reaction taking place 
within them. 

For several years it has been evident that energy production in the 
body is the result of chemical change. It is further recognized, as 
Bayliss 0 clearly points out, that hydrogen and carbon enter chiefly 
into this reaction. Nitrogen in the body is used largely for the build¬ 
ing of the substratum, proteins, in which these reactions proceed. 
This indicates that the reactions leading to protein syntheses are 
different from those producing energy. 

What has not been shown is the nature of the products formed 
in this energy-producing reaction. It has been thought that oxygen 
enters directly into this reaction, and at one time it was thought 
that the products formed were largely carbon dioxide and water. 
Recent careful experiments have indicated that this is not true. 
Fletcher* 2 has shown clearly that oxygen docs not enter into the 
contraction phase of muscle, but is adsorbed largely in the recovery 
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period. Muscle may contract for a time without oxygen. J. Loeb 13 
has found that oxygen is necessary to preserve the structure of the 
fertilized egg. These experiments of J. Loeb also indicate that the 
metabolic reaction may proceed without oxygen. That the same 
is true for the animal cells has long been known by pathologists. 
Cut off the blood supply from any part and it undergoes a coagu- 
lative necrosis. These observations suggest strongly, therefore, 
that oxygen plays a necessary but probably a secondary role in this 
reaction. It acts to remove certain products of the primary reaction 
rather than enter into it. 

All chemical reactions, as it is now fully appreciated, are governed 
not only by the concentration of reacting substances, but also by the 
concentration of one or all of the products formed. Equilibrium for 
a simple reversible reaction is expressed in the following formula: 
A + B+C + . . . = A' + B'-f C'+. . . 

In the animal organism growth is not determined by food any 
more than it is determined by oxygen, but by other unknown factors. 
Bardeen showed that planaria regenerate their parts when starved as 
when they are fed. 14 Morgan found that salamanders regenerate 
their legs as rapidly when starved as when fed. 15 The difference is 
that the starved animals suffer marked emaciation and a general 
atrophy of their organs. 

The above observations of the connective-tissue cells indicates 
clearly the existence of a previously unrecognized product of cell 
metabolism which is evidently insoluble in liquid medium, but 
rapidly adsorbed and chemically combined with fibrinogen. This 
substance, which I shall designate as “L,” is also an active blood 
coagulant. It is something, therefore, which is insoluble in water, 
but capable of combining with fibrinogen to form an insoluble com¬ 
bination, fibrin. It acts in every regard, therefore, like the lipoid 
fraction of the blood coagulant recognized by Wool bridge 16 and 
recently carefully studied by Mills. 17 This fraction is a phospholipin 
or a group of such bodies. 

In a recent series of experiments 9 I undertook, therefore, to 
ascertain more carefully the exact relation to this substance of the 
general chemical changes of these cells. These cells had apparently 
become inactive after they had come to rest in the clotted fibrin. 
They had laid for months in this inactive state and in the presence of 
oxygen. When removed to fresh medium they had again become 
actively migrating cells. I removed the oxygen from about these 
cells during their movement and also after they had come to rest. 
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While they are migrating and the coagulation is taking place they 
disintegrate in the absence of oxygen. They suffer a eoagulative 
necrosis. After they come to rest they suffer no change in the 
absence of gas. In the same way, these cells suspended in a liquid 
are unaffected by the absence of oxygen. In a liquid they do not 
metabolize any more than in the presence of a fully formed fibrin. 
Any slight stimulus which occasions their movement occasions also 
their disintegration in an atmosphere of nitrogen. 

There seemed little doubt, therefore, that in the identification of 
this “L” substance the regulator of the metabolism of these cells 
had been found. It is not something which is continuously washed 
away by the blood stream, but, quite to the contrary, it has very 
specific affinities, and when brought into contact with fibrinogen it 
forms an insoluble fibrin. This suggested strongly, therefore, that 
continuous activity in these cells must depend not alone on food and 
oxygen, but also upon very special conditions for removing these 
primary products from the cell. 0 The only plentiful substance 
which I have been able to find in the adult body capable of such 
removal is fibrinogen. This is transferred by the “L” substance 
into fibrin. In the body the messenchyme cells of older embryos 
and the connective-tissue cells of adults lay down extracellular 
fibrils. Hertzler 18 has shown very definitely that fibrin forms the 
basic proteins of these extracellular or collagen fibrils. 10 These 
results of Hertzler have been confirmed by Baitsell 20 and myself. 11 

These observations indicate that the connective-tissue cells of the 
body are not in any sense continuously active. Their only function 
is the production of extracellular fibrils. They do not secrete these 
fibers, but coagulate certain proteins formed elsewhere in the organ¬ 
ism. The increase in these fibrils is alone indicative of an active 
metabolism in them. The dynamic state of the organism is in no 
sense, therefore, an elaboration of the dynamic state of these cells. 
It must depend on other conditions. This led me to investigate more 
carefully the process of rhythmical contraction as it is seen in heart- 
muscle cells. 

In my earlier studies of the tissue culture I had already shown 
that differentiation in h$art muscle is a purely reversible phenome¬ 
non. 21 The actively contracting heart-muscle cells are derived pri¬ 
marily from the undifferentiated mesenchyme. When the fragments 
of this tissue are brought into contact with the plasmatic medium of 
the culture the heart-muscle cells at the edge of the fragment which 
had been contracting lose this property at once. They migrate into 
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the medium and behave exactly like the simple undifferentiated 
mesenchyme cells. In 1912 1 21 showed, however, that in a few 
cases these cells which migrate into the medium may differentiate 
again and develop rhythm. When this takes place it is interesting 
to note that the cells by chance alone had come into a very peculiar 
relation with the medium, and again it is interesting to note that this 
rhythm never develops while the cells are migrating, but always 
after such migration has ceased and the coagulation process is com¬ 
plete. 

The differentiation of the heart-muscle cells in the outer medium 
takes place very infrequently. In the large majority of the culture 
of the older embryos and adults the clots cling tightly to the frag¬ 
ment. The cells migrate in contact with the surface of the fibrin 
fibrils. When differentiation fakes place the process is different. 
The clot loosens and contracts away in mass. If the ends of a few 
cells remain attached to this clot they may become stretched 
through the serum cavity between the surface of the medium and 
the end of the fibrin fibrils, or between the fragments and the end of 
these fibrils. After the coagulation is complete, these cells, and 
these cells alone, develop rhythm. If they be removed from those 
contacts and be placed in the outer medium in contact with the 
surface of the fibrin they stretch out again and behave like simple 
mesenchyme or connective tissue cells. 9 

By these observations it became possible, therefore, to clear up 
the difficulty of the earlier observations of the connective-tissue 
cells. Dynamic states in the organism, such as the heartbeat, are 
not a property of the cell, but that of a peculiar organization of the 
environment. These cells may produce the energy for the work of 
the body, but there is no evidence that the transformation of this 
energy into work is the product of a cell organization in the case of 
the heartbeat any more than it had been found to be* in the case of 
cellular migration. 

What is true for the connective-tissue cells I find also to be true 
for the epithelial cells of the skin and many of the glands. The 
gland cells in the cultures lose the form peculiar to them in the or¬ 
ganism. They stretch out, like the skin epithelium, to form broad, 
thin sheets of cells. These cells cannot metabolize except in the 
presence of fibrinogen or a similar adsorbing substance. They differ 
from the connective tissue in that they later destroy this substance 
through certain added proteolytic properties. They thus depend 
wholly on the fibrinogen for their activity in the culture, but they 
remain together and form no extracellular fibrils, in that they later 
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destroy the fibrin which is formed. 23 In liquid media they show no 
evident activity. 

While these experiments are interesting for the understanding of 
the general problems of the genesis of connective tissue, their 
broader significance lies in the new view they present of life in the 
organism. They show that the continuous activity consistent with 
life is not a property of these nonfunctioning cells. There must be 
long periods of time when the connective-tissue cells show no ac¬ 
tivity. Life must be, therefore, wholly a part of the functioning 
systems, the glands, the muscles, the brains, etc. In early life, how¬ 
ever, this cannot be true. The whole problem of life in the early 
embryo is centered about an excessive metabolism and an active 
proliferation of the undifferentiated cells of this earlier period. 

Many years ago Hofmeister, Sachs and De Bary had already 
shown that cellular proliferation is not a primary factor in the 
growth of plants. They thought that the mass forms in growing 
plants before it breaks into cells. That the same is true for animals 
has been clearly enunciated by Whitman, Adam Sedgwick, E. B. 
Wilson and others. In development, cellular growth, division and 
differentiation are not primary factors, but they are again secondary 
to other more formative forces. Driesch looked upon this force as 
something apart from nature which cannot be solved. Others have 
not looked at it in this sense. They have considered that this early 
development is the result of certain reactions which occasion such 
a primary building. Many general physiologists have attempted to 
arrive at its solution through the study of colloidal swelling. It is 
evident, however, that such study cannot attain directly to this goal. 
At the best they can only indicate analogies. It occurred to me to 
attempt the solution by another method. The above studies were 
made with connective-tissue cells of adults and the mesenchyme 
cells and heart-muscle cells of older embryos. No careful compari¬ 
son had been made of these cells with those of the younger embryos. 
In the younger embryos it is well known that the mesenchyme cells 
form no extracellular fibrils, but grow actively to form a cellular 
syncytium. The fibrils appear only in later embryonic and adult 
life. 

THE BEHAVIOR OF THE CELLS OF THE YOUNGER EMBRYOS. 

As I have cited in a previous article, M. R. and W. H, Lewis, in 
1911, 24 noted an active movement and growth of cells in liquid 
medium such as simple salt solution. This, as I have just stated, is 
not true of the adult connective-tissue cells. Harrison 25 in analysing 
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this movement noted that the sells never moved directly outwards 
into the liquid but always at its surfaces. In Harrison’s earlier 
studies he had attempted to cultivate fragments of the neural tube of 
frog embryos in hanging drops of serum. No evident activity was 
observed. Success was attained only when these fragments were 
placed in lymph which clotted about them. In studying the move¬ 
ment of the cells in lymph Harrison then noted that the cells moved 
always in contact with the fibrin fibrils, and in his later analysis of 
the culture of the Lewises he found the cells migrating always in 
contact with the surface of the cover glass or on the free surface of 
the medium. Harrison 26 termed this phenomenon, as L. Loeb 27 had 
done, “stereotropism.” He considered these cells apparently highly 
complex systems whose mechanism for movement is regulated 
through such contacts. Both authors thought this a common prop¬ 
erty of all cells. 

After a careful study of the movement of these embryonic cells in 
liquid medium, I noted, however, that these cultures of the Lewises 
were applicable only for the movement and growth of the cells of 
the younger embryos. No activity is seen about the normal frag¬ 
ments of heart muscle or other mesenchyme cells of older embryos 
at the surface of the liquid or in contact with any solid. As I 
have stated above, blood plasma or fibrinogen is the one common 
substance of the body capable of stimulating activity in them. 

From these facts it seems evident, therefore, that it is not solids 
in a general sense that are necessary for the movement of these 
cells, but specific adsorbing substances. The younger embryonic 
cells differ from the older ones in that they may move at the sur¬ 
face of the salt solution and liquid media as well as in the clot. 
The older cells had lost this property. This leads me then to 
analyze more carefully this movement at the surface of the me¬ 
dium. I measured the position of the cells moving at the cover- 
glass surface with the micrometer of the microscope. I found that 
these cells were not in contact with the cover glass, as Harrison, 
Lewis 28 and L. Loeb had thought, but that they lay often a con¬ 
siderable and measurable distance below it. Again, previous to the 
movement of the cells on the surfaces of the hanging drop, these 
surfaces change. They became covered by a film or scum, which 
made them appear leathery. The cells in every case moved, grew 
and divided in this film of material. This substance is not the 
coagulating substance “L” liberated by the other cells. It is son e- 
thing new, which acts evidently in place of and antagonistically to 
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the fibrinogen. This substance formed early in the life of the cul¬ 
ture. It spreads rapidly to cover the whole of the medium. The 
cells later invade it as they invade the plasma. It differs from the 
fibrinogen in that it is a much more active stimulant. The cells 
form no insoluble compound with it. They grow actively for a time 
within it and invariably disintegrate. In the plasma cultures of 
these younger cells, a part of the cells may at first invade the clot. 
They soon leave the fibrinogen, however, for the surface film which 
has stronger affinities for them. Single cells may also liberate this 
substance. 

While I do not know the exact nature of this substance, it is 
interesting to note here that this substance disappears from or its 
action is inhibited about fragments of undifferentiated mesenchyme 
and the heart-muscle tissue in the cultures between the ninth and 
fourteenth day of the incubator life of the chick embryo. This is 
not true, however, of other tissue. 1 have identified it in the epider¬ 
mis and the liver of these embryos as late as the eighteenth day. 
Felix has shown the new tubules developed in the kidney of man as 
late as ten days after birth. While these studies are yet incom¬ 
plete, they do indicate that the disappearance or the inhibition of 
the action of this substance is not regular, but takes place at irregu¬ 
lar times in different tissue of these higher animals, and that this 
disappearance corresponds to the forms taken by the developing 
embryo and adult. 

What might be the exact chemistry of this substance remains to 
be seen. It seems most plausible, however, that the secrets of the 
building of the body will be found in the physical properties of it. 
These physical properties are, first, a strong affinity for water, 
and, second, an ability to stimulate an excessive metabolism. 

From the above observation it became evident, therefore, that the 
cells of the body are not in a continuous state of activity. The 
activity of early life is dependent completely upon the synthesis of 
a substance which removes the “L” substance from the cells. This 
substance is gradually superseded in later life by fibrinogen. Fibrin¬ 
ogen combines with “L” to form fibrin, an insoluble compound. In 
the later periods life centers about the functioning or differentiated 
systems. To prove this fact more definitely it became of interest to 
study the effect of a flowing stream of serum upon rhythmically con¬ 
tracting cells and the dedifferentiated muscle cells and the cells of 
connective tissue. 
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THE CONTRACTING HEART MUSCLE CELLS. 

The isolated contracting heart-muscle cells which occasionally 
develop in these cultures from cells migrating from the fragments 
contract with a rhythm like that of the whole hearts or fragments 
of the heart transferred to the cultures. Since they occur most 
infrequently, contracting fragments have been used chiefly for this 
study. 

The rhythm of the fragments and the whole hearts of younger 
embryos may never cease when transferred from the chick embryo 
to the medium. If it does it commences at once again as soon as 
the temperature for it is restored. During the first few minutes 
or hours this rhythm is regular; and in the case of the whole hearts 
and fragments of the ventricle, it is the same as that which occurs 
normally in the body. After a short time, however, it becomes 
irregular. There are periods of activity followed by periods of 
complete rest. These periods of activity, as I have previously de¬ 
scribed them, are ushered in by rapid, strong contractions. These 
contractions gradually decrease in amplitude and rate to the period 
of complete rest. After a short rest period the active rhythm again 
intervenes, and so on; their irregular rhythm may continue for as 
long as eight or nine days in a single hanging drop. 

This slowing of the rhythm and rest, I concluded, was due to the 
temporary accumulation of waste products, the temporary lack of 
nutrient substances, or both. After these waste products had slowly 
diffused away and nutrient substances had moved in, the heart 
became active again. To prove this I placed several such fragments 
in a specially devised culture chamber. This chamber was arranged 
so that serum could be made to flow continuously along a cotton 
wick, the fibers of which transversed the layer of plasmatic medium. 
By this means it was possible to continuously wash the medium 
about the fragment. This culture has been called the ‘‘wick cul¬ 
ture.” 20 In such cultures the rhythm of the fragments remains 
regular during the time the serum is flowing, and this regular rhythm 
continues often for many days or until the protoplasm of the cells 
is otherwise destroyed by infection, etc. A careful comparison of 
the irregularities in the ease of the contracting heart-muscle cells 
with those of the migrating ones shows interesting differences. In 
the case of the migrating and growing cells there are no intermittent 
rest periods. Migration commences after a latent period. It con¬ 
tinues actively for a time; then gradually ceases. In the same cul¬ 
ture there is no second recovery period. 
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Again it is interesting to note that the changes in the clot are 
different in the case of these two activities. The migrating cells 
liberate a substance which occasions a coagulation of the clot. 
About the contracting fragments from which no cells are growing 
no such changes are seen in the clot. Contraction in the isolated 
cells commences after they have ceased to migrate and show these 
changes. 

The substance or substances liberated by the heart which pre¬ 
vents its contraction and which are evidently concerned with this 
act of contraction are soluble substances. They can be washed 
away with serum. The evidence gleaned from the above studies 
on the migrating cells indicates that the substance or substances 
which occasioned their migration are insoluble in the medium. They 
are adsorbed or chemically combined with the fibrinogen to form 
fibrin. The substances which accumulated to stop the activity of 
the heart is not the “L” substance noted above. 

For the testing of the connective tissue and undifferentiated heart- 
muscle cells I have used a glass culture chamber (plate LII) instead 
of the one described in the previous paper. 29 Otherwise the technic 
was the same. 

During the course of the study of the contracting heart-muscle 
cells in 1912 I had thought that the migrating cells move more rapidly 
against the stream and that they became more dispersed in these 
cultures than in the simple hanging drops of medium. These differ¬ 
ences were observed, however, in but a few cultures. Later I noticed 
that the thickness of the layers of medium also affected the move¬ 
ment of the cells. The cells migrating from 1 mm. thick fragments, 
which had been placed near the edge of the hanging drop, moved 
more actively in the thin edge 7 than in the thicker parts of the layer 
within. 8 Regulating these conditions in the “wick cultures,” I found 
that the flowing serum in no way affected the migrating heart- 
muscle cells, nor did it effect in any way the movement of the 
epithelial and connective-tissue cells in general. The only cells 
affected were the leucocytes and lymphocytes. In the simple hang¬ 
ing-drop cultures it takes several transplants to effect a complete re¬ 
moval of the leucocytes and lymphocytes from fragments of bone 
marrow, lymph gland 'and spleen. In these “wick cultures” I found 
fragments of spleen entirely stripped of these cells after seventy-two 
hours. The leucocytes and lymphocytes had accumulated in masses 
at tangled parts of the wick. 

The conditions which regulate the movement of these latter cells 
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are evidently different from those which control the movements of 
the fixed tissue cells of the body. Migratory movements and growth 
of the heart-muscle cells are effected by a substance which is insol¬ 
uble in circulating body fluids. Growth in these cells is therefore a 
purely physico-chemical reaction which proceeds to a condition of 
static equilibrium. For growth to take place it is necessary that 
this substance or these substances be removed. As they increase all 
activity ceases. This substance or substances I have designated 
as “L.” 

DISCUSSION AND CONCLUSIONS. 

From these observations there seemed little doubt, therefore that 
the dynamic state of the organism is not in any sense an indication 
of a similar dynamic state in the cell. It is a product of the organi¬ 
zation of the body. In early life the dynamic state is associated 
with the formation of a substance or substances which combine with 
or otherwise remove the “L” substance of the cell and occasion an 
active metabolism w'ithin them. This substance has strong affinities 
for water. It is thus directly concerned with the early building of 
the organism. It stimulates not only an excessive metabolism in 
these cells, but also may occasion the primary swelling of the mass. 
This substance disappears, or rather it ceases to be recognizable, in 
the early period of development. Subsequent to this period, life be¬ 
comes subservient to new organizations. The new organizations, the 
general nature of which I have illustrated in the study of the rhyth¬ 
mical contractions of muscle cells, are not unique, however, for the 
tissue. They are peculiar to all functioning cells. The nerve fibers 
are stretched between the brain and an end organ. Adrian has 
shown that the “all or nothing’’ law holds for this tissue like it does 
for the heart. The same is true for the glands. The secretory cells 
are cells which have a free end and one attached to a basement 
membrane. Stop up the ducts of one of these glands and these cells 
undergo atrophy. Such observations are wholly in line with the gen¬ 
eral facts which are known concerning development. In man the 
kidney may form tubules up to the tenth day after birth. Other 
organs cease their progressive growth much earlier. No careful 
studies are known concerning the time the heart cells cease to divide. 
In the later embryonic period, at least, all growth in the heart is 
represented by an increase in the size of the fibers rather than an in¬ 
crease in the cells. In the kidneys and glands it manifests itself in 
a dilation and increase in length of tubules and a flattening of their 
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lining cells. In the wound the exudate is the active stimulus for 
growth. It stimulates metabolism through a direct affinity of the 
4< L” substance for the fibrinogen. “L” combines with fibrinogen to 
form fibrin. The fibrin then becomes the extracellular or collagen 
fibrils. The cells remain active and move towards the center of the 
exudate until the reaction is satisfied. The end of activity is the 
completion of the reaction. It is the scar for the connective tissue 
and continuity, and the limiting membrane for the epithelial cells. 

Through the analysis of the simple act of changes of shape and 
the movement of the connective-tissue cells it has been possible to 
show that these acts are not the result of any complex cellular or¬ 
ganization, but a simple' reaction between substances in the environ¬ 
ment and a substance of the cell. The movement is the result of the 
cohesion of this substance for the cell on one side and specific sub¬ 
stances in the medium on the other. In this act of locomotion the 
cell supplies the energy; the mechanism otherwise resides wholly in 
the environment. Again, in other studies I have been able to show 
that the syntheses for growth are not a part of these energy-pro¬ 
ducing reactions, but they are separate reactions. The connective- 
tissue cells in the adult organism are widely separated in a mass of 
fibrillar substance. These cells migrate into the plasma, but they 
do not grow. In the plasma culture, growth is peculiar alone to the 
more cellular fragments of embryonic tissue, granulation tissue or 
sarcomata. By the use of embryonic extracts it is possible to stim¬ 
ulate the metabolism of these connective-tissue cells. Under these 
conditions the widely separated (’.ells of the adult fragments will 
grow and divide. About the more densely cellular fragments such 
stimulation is not necessary. It is harmful. It leads to the destruc¬ 
tion of the cell, a breaking down of the proteins of the protoplasm. 
If these same fragments are teased apart so the cells become more 
dispersed, growth (’eases again. For growth to take place it is neces¬ 
sary that the cells be either crowded or excessively stimulated. The 
important factor for this reaction is evidently the concentration of 
certain products of their metabolism. The concentrating of such 
products may be induced by the crowding of cells or increasing the 
rate of their production. These cells liberate not only the “L” sub¬ 
stance, but also CO 2 and H 2 O. How many other substances are 
formed when the reaction is proceeding has not been determined. 
Protein synthesis is not a part of the ordinary metabolic reaction of 
the cell. It is secondary reaction depending upon and obtaining the 
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'energy necessary for it from the energy-producing reaction of the 
cell. The extracellular fibers of the connective tissue are not secre¬ 
tions of the cells any more than bone or cartilage are of this origin. 5 
These fibers are the combination of proteins formed elsewhere in the 
body and the “L” substance of these cells. 

There is no reason to believe, therefore, that protein synthesis is 
a part of the metabolism of the cell. It is something different. It 
is a form of work produced. Upon it growth depends. Growth has 
never been shown to be of a simple chemical or physical nature. 
It is the result of the careful utilization of energy. It takes place 
against the forces of nature. Protein synthesis, like muscular con¬ 
traction, is only a form of work peculiar to body organizations and 
not cellular organizations. 

In 1917, 30 and again in recent experiments, 9 I have shown that 
the development of ryhthmical contraction is not associated with 
any fundamental change in the cell. This is a property peculiar to 
any of the mesenchyme cells of early embryonic life. It occurs in 
the fragments of this tissue and in the cells which migrate from 
them. Its development is the result of a chance relationship of the 
cells to medium. This relation is wholly dependent upon the 
physical peculiarities of the coagulation of the plasma clot. The 
isolated cells which develop rhythmical contraction are those cells 
which become stretched through a serum cavity between the sur¬ 
face of the medium or a cellular tissue fragment and the end of 
fully formed fibrin fibrils. No contractions develop until these 
fibrin fibrils are fully formed. What is true for the isolated cell 
is also true for the fragments. Fragments of the heart of young 
embryos contract at once when removed to warm medium of 
the culture. Those from older embryos fail to show this change. 
Rhythm develops in these latter fragments only after the border 
cells have moved out or the process of coagulation is completed. 
The end of the cell in contact with the fibrin is in metabolic equi¬ 
librium, These cells imbedded in fully formed clot cease all ac¬ 
tivity. The cells floating in serum also show no change. The only 
active part of these cells differentiated for contraction is the free 
end in contact with the cellular fragment or the surface of the 
medium. This end suffers a decrease in surface tension. Such a 
decrease in surface tension is associated with electrical changes at 
this end of the cell and a stretching of the cell. If such changes 
continue, one of three conditions must result: the cell will be torn 
loose or in two, or there will be an explosive breakdown of this 
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surface-tension-lowering substance. That such an explosive break¬ 
down is peculiar to the contraction is clearly indicated by corre¬ 
lating these observations with those of Fletcher. Fletcher has found 
that lactic acid is liberated during the contraction phase of muscle. 
I find that lactic acid increases the surface tension of the cells. It 
causes the cell to contract. This lactic acid disappears again dur¬ 
ing the intermittent rest period. The cell again returns to its former 
state. The process is rhythmical. The process, as it is evident, is 
somewhat similar, therefore, to the phenomenon described by Bredig. 
Bredig showed that when a ten per cent solution of H 2 O 2 is placed 
over the surface of pure mercury, a film of mercury peroxide forms 
at the surface. This leads to electrical changes in this system. 
Under appropriate conditions the peroxidate breaks down again 
to mercury and oxygen. Then the layer of peroxidate reforms. The 
process is repeatable or rhythmical. Bredig and his students further 
find that many conditions which alter rhythmical muscular con¬ 
traction also alters the activity of this model. 31 

Rhythmical muscular contraction is not, therefore, as Bayliss sug¬ 
gests, the result of rhythmical stimuli, but evidently the result of 
an explosive breakdown leading to alternate changes, not only in 
surface tension, but in the electrical conditions at opposite ends of 
the cell. Bernstein 32 several years ago had given definite evidence 
to show that the energy of muscular contraction is surface energy. 
He found that muscles suffer the thermal changes peculiar alone to 
surface energy. 

In such organization, as it is well recognized, there is no reason 
that such an explosive breakdown should always occur. Such is 
possible only when the decrease in surface tension at the free end 
or the electrical changes are of such a degree to allow a current to 
pass through the resistent cell. This change at the free end may 
cease before such is possible. For a breakdown to take place other 
special conditions or stimuli must be present. That this is the con¬ 
dition of most of the functioning tissue of the body has been well 
proven by the studies of tissue autonomy. In man, whether any 
muscular tissue, other than the nodes of the auricle, are autonomous, 
like the cell of the culture, I think is questionable. At the same 
time it is evident that any functioning tissue may develop such a 
condition. Whether this is what has happened in many of the 
nervous affections might be a problem worth investigating. It is 
not surprising, however, that in other animals the autonomy is 
centered in, other tissues. Carlson 88 finds that the rhythm of 
the heart of the limulus is not automatic, but centered in certain 
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ganglion cells. In men I think it is very questionable whether the 
nervous system, any more than the striated muscle or gland cells, 
respond without the aid of external conditions. It is upon this fact 
that coordination depends. 

There is no evidence from the above observations that the cells 
themselves undergo any absolute changes during these fundamental 
changes in the body. For a good many years it has been well 
known that bone and cartilage are products of a given organiza¬ 
tion of the part and not a product of the cell. It has been shown, 
for instance, that bone will develop in the pelvis of the kidney if 
the blood vessels to that organ are ligated. Asami and W. Dock 34 
repeated these experiments in the laboratory and proved completely 
the existence of these changes, as the other authors had shown. In 
the tissue culture the cells migrate readily, not only from fragments 
of interstitial tissue, tendons and fascia, but also from fragments 
of bone and cartilage. The bone cells and cartilage cells behave in 
every way like the other connective-tissue cells. The bone and 
cartilage remains behind like the extracellular fibrils. In the same 
way the adult muscle fiber will not react in the plasma, but I have 
seen the nucleus and sarcoplasm migrate out and leave the adult 
fiber behind. In the plasma this mass forms perfect connective- 
tissue cells. These cells react also in every way like the ordinary 
connective-tissue cells. 

Such simple fluid systems may not only suffer changes in shape 
and differential changes of tension at various points on their sur¬ 
face, but they may also suffer additions and probably subtractions 
from themselves. In the body differentiation is not only the result 
of mechanical changes initiated and controlled by the environment, 
but it may be also chemical in nature. As the above studies of the 
skin epithelium show, these cells do not suffer fundamentally from 
the connective-tissue cells. For metabolism to take place within 
them it is necessary that the “L” substance be removed from them. 
This “L” substance is not different in these cells from that of the 
connective-tissue cells. These cells differ from the connective tissue 
in that they also contain a proteolytic ferment. The pancreas cells 
again differ in that they also contain a fat-splitting ferment. They 
often fail to migrate into the clot. They lead rather to the rapid 
splitting of the fat of the plasma to fatty acid crystals. This pre¬ 
vents also the migration of the connective-tissue cells from these 
fragments into the medium. So in each case the various tissues 
differ as they contain their own peculiar added products. The fun- 
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damental reaction of the fixed tissues otherwise remains the same. 
The only exception to this rule is to be found in the wandering cells. 
These cells have not been observed to grow in the cultures. They 
have also last their ability to cause a true coagulation of the plasma. 
They occasion the gelation of the clot and can move only in contact 
with this jellylike mass, but they cause no fibrin formation. They 
owe their spherical shape to their inability to form true surfaces in 
the medium. They move by a mechanism different from the fixed 
tissue. They can invade these fixed tissues in the presence, at least, 
of an exudate. When this disappears they tend to move back into 
the lymphatics and blood capillaries. They do not repel strongly 
the moving fixed tissues like the fixed tissues repel each other. They 
have lost the property to form the “L” substances. I say they have 
lost it because it is present in the mother cells from which the wan¬ 
dering cells arise. 

To what extent this chemical differentiation is reversible like that 
peculiar to the mechanical form I have not definitely determined. 
There is evidence to show that the mesenchyme cells may arise from 
epithelial cells even in late embryonic life, but for the most part 
these epithelial cells maintain their chemical peculiarities for a 
long time in cancerous growths and in the cultures. I have seen 
heart-muscle cells assume the characteristics of large mononuclear 
cells. The reverse has not, however, so far been proven. Again T 
have seen liver cells, after repeated transplantation, behave in part 
at least like the connective-tissue cells. There is no reason to be¬ 
lieve, however, that such chemical dedifferentiation may not occur 
and maintain in the proper environment. 

The cells of the organism are not, therefore, highly complex sys¬ 
tems. They are not equipped to lead an independent existence. 
They do not age. They have no organization for work. They pro¬ 
duce the energy, but the work or their various manifestations of life 
is dependent wholly upon external conditions about them. The 
only form of work depending on an evident internal organization is 
cell division. The forces active in the process center about the 
ccntrosomes. There is no evidence, however, that activation of these 
centers, or even their .formation, is controlled from within. The 
centrosomes develop probably alone in response to external stimuli 
(see Hertwig, Meade, Morgan, J. Loeb, E. B. Wilson 3 and others). 

Energy production in these cells is again wholly dependent upon 
organization, or the presence of specific substances which split or 
otherwise make the removal of the “L” substances possible. Their 



Burrows: Study of Body Cells. 


497 


activity in early life is dependent upon the synthesis of a substance 
whicli combines or otherwise removes the “L” substance. In later 
life it is dependent upon a mechanical differentiation. This form 
of synthesis in later embryonic life forms a substance which is 
fibrinogen or closely akin it. This forms an insoluble compound 
with “L” rather than the soaplike substance of the earlier period. 
In the proper environment it occasions, through its coagulation, the 
form necessary for the dynamic state. 

By these observations it has been possible, therefore, for the first 
time to define differentiation in other than morphological terms, 
and to compare function with growth. The growth of the undiffer¬ 
entiated cells of early life is the result of a special synthesis. The 
development of function is the result of a slightly different one. 
Differentiation is quite different, therefore, from what it has been 
conceived to be. 

While these observations reduce growth and function to simple 
physicochemical formulation, they give no hint as to the cause for 
this change in synthesis from early to late life. Any substance 
which removes the “L” causes an immediate loss of mechanical 
differentiation. The heart-muscle (‘ells in contact with the fibrin 
become simple mesenchyme cells. Only under proper mechanical 
conditions can they redifferentiate. What is true for the heart is 
true for the glands. In the cultures the gland cells stretch to form 
membrane like the skin. They lose the form necessary for function. 

These facts, again, do not explain chemical differentiation. In 
the above observation I have also not discussed all the deficiency of 
these cells. Besides the lack of any organization for work and any 
means within themselves to allow the energy-producing reaction to 
proceed under the ordinary conditions in nature, they are also bereft 
of the property of using the crude material of nature for this energy- 
producing reaction. While energy production in the body is derived 
chiefly from H and C, these cells cannot use the sugar carried to 
them by the blood stream without intervention of substances from 
the pancreas. The organization of the whole or certain of its parts 
are again essential for another of their important needs. 

It is upon this last deficiency that the chemical syntheses peculiar 
to differentiation must depend. The body is a machine operated like 
any other machine in nature. Its metabolism has no complexities, 
as most biologists would Jiave it. It is a machine which is able to 
produce energy and transform it into work. It has been possible to 
locate these different reactions* The energy is produced in the cell; 
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its transformation is under the control of the environment. Protein 
synthesis is in no way to be confused with the energy-producing re¬ 
action. In the body, anything which increases metabolism will lead 
to growth. Increase this still more and protein destruction results. 
This accounts for the appearance of split products of protein in 
muscle which has suffered excessive stimulation (see Bayliss for lit¬ 
erature) and the destruction of the tissue by strong growth stimuli 
such as X-ray, radium, coal tar, arsenic, etc. 

Such a machine can build itself in the manner that it does because 
it utilizes the products of its energy-producing reaction for its build¬ 
ing. The building is only the sequence of change its original funda¬ 
mental structure undergoes to produce the final necessary work— 
the work of supplying an adequate amount of fuel for a certain pe¬ 
riod of life and supplying the egg with an adequate supply of this 
material (yolk) to carry it through the early period of the develop¬ 
ment of the whole. This yolk supply decreases progressively. This 
decrease leads to the changing character of the syntheses. 

The extracellular deposits which I have described above as im¬ 
portant for the organization peculiar to the dynamic state of later 
life are evidently the substratum recognized by Child. They are the 
result of protein syntheses peculiar to the organization of a certain 
period of the development of the whole. They must be the result 
not only of mechanical but also chemical changes in the environ¬ 
ment. The picture of the organization as it is seen through the study 
of the cells is in no sense the picture of one continuous metabolic 
change. It is the primary building of a heterogenous system fol¬ 
lowed by the gradual decline of this- system to a state of static 
equilibrium. Elemental life and elemental death are not compar¬ 
able to systemic life and systemic death. The body is the necessary 
cycle that these cells may preserve their kind. For the active growth 
of the early period of the development the cell draws upon the yolk 
or the mother for its supply of those substances necessary for this 
growth. The disappearance for this supply of material is the ap¬ 
pearance of the second, or the functioning, period. The building of 
this period is completed within ten days after birth in man, except 
for the laying down of the nerve sheath. The syntheses peculiar for 
this building are the result of the disappearance of the substances 
carried in the yolk. The important factors for differentiation are 
not to be found, therefore, in the primary'reactions of the cells, but 
in the deficiencies of these cells. The important deficiency which 
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has to do with differentiation is their inability to utilize the crude 
food materials supplied by nature. This deduction we are forced 
to believe, however, not only from the above observations, but from 
a host of already carefully accumulated facts. If the first two 
blastomeres of many lower forms are separated, two animals de¬ 
velop. The yolk is also separated by this process. Each animal is 
but one-half the size. Gudernatsch has shown that tadpoles fed 
upon thyroid differentiate within a few days, while thymus feeding 
delays this process at least for a very long time. Very large tad¬ 
poles may be thus developed. The ultimate heterogenicity thus de¬ 
veloped is essential for subsequent life and for reproduction. The 
egg cell builds a new system like the old (heredity), in that it has 
acquired from the old a supply of those substances necessary to 
carry it through the building of the new system, which is again ca¬ 
pable of preparing these substances from the crude materials avail¬ 
able in nature without. The building results from the changing 
syntheses which result from the gradual decreasing yolk supply. 
The form of the building is dependent, therefore, primarily on the 
original constitution of the yolk. This is again dependent abso¬ 
lutely on the nature of the machine which produces it. Each ani¬ 
mal must, therefore, in each case reproduce its kind. The problem 
of heredity is thus reduced to pure physics and chemistry. 

Death in such a system may result, therefore, from the destruc¬ 
tion of essential parts, or the inevitable equilibrium of those forces 
which maintain the heterogenicity. This does not mean a funda¬ 
mental change in the cell. The cell succumbs as the result of this 
breakdown. There is no reason why any of these cells may not 
grow actively again if the organization is changed about it. Differ¬ 
entiation is both chemical and mechanical in nature. Chemical dif¬ 
ferentiation does not effect the fundamental energy-producing reac¬ 
tion of the fixed tissue cells. It is an indication of the chemical 
heterogenicity of the mature organism. The mechanical differen¬ 
tiation essential for the dynamic state is reversible. According to 
the above formulation, mechanical differentiation in early life is the 
result of the removal and decrease in certain materials of the yolk. 
If a change in organization suitable for active growth should take 
place in the organism, no such differentiation should follow. The 
cells suffering such changes must continue .to grow as long as the 
body supplies the necessary substances. The body must supply 
those substances necessary for active growth as long as it survives. 
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A rapid utilization of these substances must lead to a rapid atrophy 
and death, according, also, to the formulation given above. 

Such a reorganization, it is evident, cannot take place in early life 
except under the influence of most powerful external stimuli or de¬ 
velopmental defects. It becomes, however, more possible in later 
life when the normal forces which maintain the normal heterogenic- 
ity are waning. Cancer represents such a form of active growth. 
It is a disease peculiar to later life. It occurs earlier in connective- 
tissue areas than in epithelial tissue. The connective-tissue cells, 
according to the above observations, lose their property for inde¬ 
pendent growth earlier than the epithelial tissue. 

In previous publications 0 I have noted that cancerous tissue 
grows like that of younger embryos and liberates the same or a 
similar growth stimulus. 05 In the body cancer may result from 
congenital abnormalities, such as pigmented moles. It occurs more 
frequently in certain families of mice (Maude Slyei. It follows the 
continuous application of many growth stimuli or substances capa¬ 
ble of effecting such a reorganization. In man, as pathologists agree, 
it follows most frequently ypon long-standing chronic inflamma¬ 
tion (Billroth):™ 

As has long been fully appreciated, the impediment which has 
stood in the way of advance in cancer has been the inadequacy of 
our knowledge of the cell and its relation to the whole. It has been 
the endeavor of the cancer laboratory in St. Louis to attack the 
problem from this route. Cancer is not a parasitic disease. It is a 
disease which follows after long, continuous stimulation. Before 
cancer can be understood it is necessary that irritability and stimu¬ 
lation be reduced to simple terms. The essential conditions for 
mechanical dedifferentiation, or loss of function, and the production 
of an active growth of cells like that of cancer is the presence of 
substance capable of removing the “L.” This “L” has many of the 
properties of the phospholipins isolated by Mills. These phospholi- 
pins are soluble in many lipoid solvents, and especially products of 
coal tar. We have studied the action of coal tar, and find that it be¬ 
haves in the tissue like the substance liberated by the cancerous 
tissue and the tissue of young embryo which is able to combine with 
or otherwise remove the “L” from the cells. Coal tar thus attracts 
the <;ells to it and effects their dedifferentiation. At first it occasions 
their disintegration. Later it becomes a less active solvent and 
occasions an active proliferation of these cells. It is capable not 
only of producing many of the symptoms of cancer by itself, but of 
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effecting the reorganization necessary for true cancer to develop. 
Long use of coal tar leads to the development of cancer. 33 

What I have hoped to present in this paper is not only the general 
picture of the cell the tissue culture has so far revealed, but methods 
by which the further details of these general problems may be at¬ 
tacked. From the above observations it is evident that the problems 
relative to life are not to be solved by chemical and morphological 
methods, but by the application of mechanism. Heredity, as we 
have seen, is dependent wholly on the chemistry of the system, but 
the importance of these chemical substances will not be understood 
until the mechanisms peculiar for the various manifestations of life 
have been isolated, their parts and the energy relation between these 
parts have been fully determined. Upon this latter knowledge rests 
also the ultimate control of cancer. Cancer, as it has been seen, does 
not arise from embryonal cells. It is not the mere displacement of 
cell (Ribbert), but a specific reorganization of parts. Such a re¬ 
organization means a breaking down of the normal relation of cells 
in the adult. The normal heterogenicity is maintained through the 
fact that each kind of cell moves through the liberation of the same 
surface-tension-lowering substance. Each tissue repels its neighbor 
like each cell repels each other cell of the same or of another kind. 
It. is a breaking down of this barrier through the synthesis of a new 
substance which conditions new surface relations. It is an invasion 
of connective tissue by the epithelium (Thiersch and Remak). This 
synthesis becomes possible through the specific rearrangement of 
cells. Such rearrangements may result from developmental defects 
or through the action of stimulating substances. In the body not 
only quality but quantity is an absolute factor. Systemic life and 
elemental life are not comparable. The cells do not age. Differen¬ 
tiation is not an age phenomenon. The law of the conservation of 
energy holds for the body like it holds for all natural phenomena. 
Advancement in biology is to be made through the development of 
methods for the study of the mechanics of these systems. Mor¬ 
phology and chemistry must be supplemented by these methods. All 
parts of these machines are not visible. Rhythmical heart-musclc 
contraction is not a specific chemical reaction. It is peculiar to a 
large number of atiimals. These animals differ chemically from 
each other. A watch is a watch whether it is made of gold or silver. 

The heart contracts as the result of a special arrangement of its 
parts and the specific dynamic properties of these parts, and not 
through the specific chemical constitution of the particular protein 
which compose its parts. 
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Some Notes on the Biology of Curicta* from Texas. 

BY GRACE OLIVE WILEY. 

BEHAVIOR OF ADULTS AND NYMPHS OF CURICTA . 

I COLLECTED several pairs of adult Curicta and placed them all 
in one glass to take home alive. When I reached home most of 
them were mating. These wen' removed and placed in separate 
glasses, and remained paired for several hours. 

In mating, the male takes a position to one side of the female, and 
usually to the right. Tf to the right, he hooks his left anterior tarsus 
over her head; if to the left, the right fore tarsus is used. 

Both nymphs and adults seem fond of getting out of the water 
and lying close to the ground, where they are hardly discernible. I 
have found adults almost a foot from the water’s edge, in tangled 
plant roots and under rotten pieces of wood. Search for eggs laid 
in nature provided fruitless. One pair was mating. I am half in¬ 
clined to believe the eggs are laid in soft mud.f 
The nymphs are very agreeable, in that they do not feed upon 
others of their kind, even when hungry. They like small notonec- 
tids, corixids, small carabids, fresh-water shrimp, and such. They 
refused small minnows, however. It is not uncommon to see three 
feeding quietly on one shrimp, or two feeding on one small beetle. 
They are very fond of mosquito larvae. 

EGGS. 

Size. About 1.75 mm. long; width a trifle more than .75 mm.; diameter of 
crown a little less than % mm. Rosette of filaments at tip, numbering 15; 
length of filaments almost 1 mm. 

* Curicta drakei Hungerford. 

f Have now fo und the eggs deposited in the tissue of dead plant stems with only the 
crown of filaments visible. 
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Shape. Elongate oval, one end slightly tapering and rounded, the other 
smaller, sloping somewhat obliquely and bearing a crown or rosette of fifteen 
long filaments. 

Color. Creamy white, with filaments somewhat yellowish, center of crown 
darker. 

Seven eggs were laid by one female twelve days after mating* 
These were not inserted in soft wood or in plant tissues, although 
both were available* The female was lying close to the wet sand 
and the eggs w r cre laid on their sides on the sand without any regu¬ 
larity or order. The next day there were three more eggs, and in 
three more days I found six eggs hidden among the roots of water 
plants and in slimy accumulations in crotch of a dead twig. 

DESCRIPTION OF FIRST-INSTAR NYMPH. 

Form elongate oval; very much like adult, only broader in proportion to 
length. Head large, much narrower than prothorax and as wide as Jong, ex¬ 
cluding the rostrum. Eyes globular, small. 

Anterior femur quite robust and armed with a single median tooth, plainly 
visible and closer to the base than the apex of the femur. 

Anterior coxae about half the length of their femora, and very robust. In¬ 
termediate and posterior legs short. One-segmented tarsi. 

Color when first hatched pale straw yellow, becoming darker witii brownish- 
black markings. Number of days of first instar, twelve. Entire length of in¬ 
sect from tip of beak to end of respiratory tube, 5 mm.; width across abdo¬ 
men at. widest part, 1.50 mm.; width across eyes, .75 mm.; width of shoulders 
at base of head, 1.15 mm.; length of prothorax on median line, 1 mm.; length 
of respiratory tube, a trifle more than .50 mm.; length of anterior femora, 1.40 
mm.; length of anterior tibiae, .70 mm.; length of anterior tarsi about J25 mm.; 
length of anterior coxae, .70 mm.; length of intermediate femora, 1.40 mm.; 
length of intermediate tibiae, 1.00 mm.; length of intermediate tarsi, .20 mm.; 
length of posterior femora, 1.25 mm.; length of posterior tibiae, almost 1.50 
mm.; length of posterior tarsi, almost .50 mm. 

Since writing the above 1 have reared the insect through from the 
beginning. There are five instars. 
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PLATE LIII. 

The genus Curicia was represented in the United States by Curicta howardi 
Mont., described from a single specimen taken at Victoria, Tex., years ago. 
Nothing wa» known concerning the biology of these bugs. The sketch of the 
egg and first-instar nymph are therefore of interest. 
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Biology and Morphology of Lepyronia quadrangularis 
(Say)—Homoptera, Cercopidae. 

BY KATHLEEN DOERING 

Submitted to the Department of Entomology, University of Kansas, m partial fulfillment of 
the 1 equipments for the degree of Master ot Arts 

INTRODUCTION. 

T HE purpose of this paper is twofold; first to add to the limited 
data concerning the biology of the Ccrcopidse; and secondly, to 
contribute to the morphological knowledge of the family, and inci¬ 
dentally of the order. The subject of this paper was suggested by 
Dr. Paul B. Lawson. Since Lepyronia quadrangularis (Say) is one 
of our most common spittle bugs, it was thought that a study of its 
biology, habits and morphology would be well worth while. Later 
when a review of the literature revealed the meagemess of both bio¬ 
logical and morphological details concerning other species in the 
family, the necessity for this work was magnified. 

By means of the morphological studies the writer has attempted 
to accomplish two things: First, since little work has been done on 
the morphology of any cercopid, to give a detailed description of the 
external anatomy, merely for the morphological interest involved; 
and secondly, to contribute a small share, if possible, in determining 
the relationships of the families within the order. A thorough 
knowledge of the morphology of all families in a given order seems 
necessary to correctly determine their phylogenetic relationship. In 
the literature, however, they are usually determined on the basis of a 
comparison of certain special parts of the body of a single species 
from each family. But since the species, or at least the genera, may 
vary within a family, some having primitive head sclerites and spe¬ 
cialized genitalia, while others are just the opposite, it follows that 
a fairly thorough knowledge of the entire structure of the body 
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should be obtained before such relationships are determined. To 
this end this small contribution is made. 

The writer wishes to express her appreciation to all who have as¬ 
sisted in this work: To Prof. S. J. Hunter for his interest and readi¬ 
ness to help; to Dr. Paul B. Lawson, under whose direction the work 
was done, and who, at the sacrifice of his own research time, gave 
most helpful advice and criticism; to Dr. Grace M. Charles for the 
correct identification of most of the host plants; to Lucy M. Hack- 
man, Dr. H. B. Hungerford and P. A. Readio for their kindly help 
and criticism, and to all others who in any way have assisted in this 
work. 

THE SYSTEMATIC POSITION. 

FAMILY CHARACTERISTICS. 

The Cercopid® are distinguished from the other families of Ho- 
moptera by having three-segmented tarsus, two ocelli, the antennae 
inserted in front of and between the eyes; the prothorax not pro¬ 
longed backward, and the hind tibia? armed with one or two stout 
teeth, with two rows of short, stout spines at the tip. 

SUBFAMILY CHARACTERISTICS. 

The Cercopida? are divided into two subfamilies—Cereopin® Am. 
& Serville, and Aphrophorin® Am. & Serv. Lepyronia quadrangu - 
laris (Say) comes withiii the latter. According to Ball (1898) the 
Aphrophorin® are separated from the Cereopin® by the following 
characteristics: Anterior margin of the pronotum angulate; head 
equaling or almost equaling the pronotum in width; elytra com¬ 
pressed behind, rarely reticulate. 

HISTORICAL REVIEW. 

This insect has been described under various genera. It was first 
made known to science by Say in 1825 as Cercopis quadrangulam. 
In 1831 ii was put in the genus Aphrophora by Say, and in 1851 in 
the genus Ptyelus by Walker. Amyot and Serville (1843)< described 
it under the genus Lepyronia, which name it now holds. 

GENERIC DESCRIPTION. 

The original description of the genus by Amyot and Serville is 
as follows: “Corps court et remasse. Tete en cone arrendi anteri- 
eurement, sans c*ar6ne longitudinale mediane sur le vertex ni sur le 
front. Elytres bombees, en ovale court ct en forme de coquille. Les 
autres caract^res sont ceux des Aphrophores. Du gree 
coquille d’oeuf.” 
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The genus Leypronia is separated by Ball from the other genera 
of Aphrophorinse by these characteristics: Anterior margin of ver¬ 
tex between front and eyes sharp; ocelli nearly equally distant from 
eyes and each other; rostrum short, not exceeding middle coxae; 
anterior margin of pronotum rounded; corium without terminal 
membrane; whole upper surface densely pubescent, hiding sculptur¬ 
ing and venation. 

KEY TO SPECIES * 

A. Margins of the vertex regularly rounding to the obtuse tip; elytra 
slightly angularly inflated, nearly twice longer than their combined 
width (folded), grayish, testaceous, with a distinct V on each elytron. 

quadrangular is (Say). 

A A. Margins of vertex straight or concave, the tip slightly produced; elytra 
inflated, no more than one-half longer than their combined width 
(folded). 

B. Small, testaceous, rather narrow; the vertex broad and short, 
shorter or only equaling the pronotum in length; apex of elytra 
broadly subhvaline. rwgulifera (Uhl). 

UB. Large, nearly uniform grayish, general form globose; vertex longer 
than pronotum. qtbbosa (Ball). 

The original description of Say is given herewith: 

Brownish-cinereous elytra with two oblique brown bands confluent at the 
outer margin; beneath black; feet annulate with pale. Body brownish 
cinereous, covered with dense, minute hairs, head obsoletely spotted; eyes 
fuscous, a pale longitudinal line on flu* middle, m which is a brown central 
line; stemmata indistinct, black; thorax emarginate at the anterior angles 
for the reception of the eyes, and deeply emarginate' behind for the reception 
of the scutel; a double series of obsolete, indented spots before; scut,el, tip 
and basal angles acute; hemelytra pale brownish cinereous; an oblique black- 
brown fascia from inner basal angle is confluent at the middle of the exterior 
margin, with an oblique fascia, which terminates near the sutural tip; tip with 
a small blackish curve; region of humerus dusky, beneath black; feet black; 
thighs annulate with pale; posterior pair of tibne pale, armed with two 
robust spines behind and numerous small ones at the tip; posterior tarsi 
armed with spinules at the tips of the first and second joints beneath; abdomen 
black; tail pale beneath. 

The following in a technical description: 

Form* Length: 9 6.4 to 72 mm.; $ 6 to 6.8 mm. Width: 9 3 to 3.2 
mm.; $ 2.4 to 3 mm. 

Vertex flat or depressed; length and width about equal, as long as pronotum, 
margins rounding to a blunt apex; tylus large, parallel margined, nearly one- 
half length of vertex; eyes level with vertex, distended below; front somewhat 
inflated, rising gradually from the sides, margins convex, slightly longer than 
wide; clypeus only slightly inflated, twice as long as wide; pronotum flat, twice 
as wide as long, slightly emarginate anteriorly with transverse rows of im- 

*Ball, E. D. A Review of the Cereopidai of North America North of Mexico. Rept. Ia. 
Acad. Science, 1898. 
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pressons behind margins; lateral margins nearly parallel, longer than short 
diameter of eye; elytra not quite twice as long as wide, outer margin flaring, 
apex angulate; abdomen broadly triangular, about as wide as long, margins 
and apex greatly exceeded by wings. 

Color. Vertex and tylus mottled testaceous brown; minute yellow line on 
margins; eyes deep fuscous; face uniform testaceous brown; pronotum reddish 
brown at base, fading into brown cinerous; elytra grayish or tawny brown, a 
patch at the base, another at apex, an oblique band from tip of scutellum to 
a point beyond middle of costa, another from point of claws, meeting this on 
costa and forming a V on each elytron, brownish fuscous; abdomen blackish 
brown, apex paler; legs testaceous brown, annulate with pale, spines on pos¬ 
terior leg very black at tips. 

LIFE HISTORY. 

HISTORY. 

Life history notes on the Cercopidse are rather limited. Osborn 
(1916) made some valuable studies of the life histories of Maine 
froghoppers, but gave no complete history, including the egg stage 
and five nymphal stages, of any one species. He figures and de¬ 
scribes three instars of Lcpyronin quadrangvlaris. In 1921 Garman 
published the life history of Philamus lineatus (Linn.), wherein he 
describes the egg and four instars. Later Burber and Ellis (1922) 
described the oviposition of three species, Philcenm lineatus (Linn.) 
and Philaronia bilineata (Say.) The most complete study of a cer- 
copid life history is that of a foreign form, Tomaspis varia, which is 
a pest of sugar cane in Trinidad (Urich, 1913). Garman (1923) 
gives a complete description of the life history of Clastoptera obtusa 
(Say) and a brief description of the egg stage of Lepyronia quad- 
rangularis (Say). * 

DISTRIBUTION. 

Lepyronia quadrangularis (Say), according to the Snow collec* 
tion, has been taken from four counties in Kansas, namely, Chero¬ 
kee, Douglas, Neosho, and Doniphan. It is also recorded here from 
Atherton, Mo. Ball (1898) lists it from Ontario, New Hampshire, 
New York, Pennsylvania, Connecticut, District of Columbia, Mary¬ 
land, West Virginia, Georgia, Florida, Mississippi, Ohio, Iowa, 
South Dakota, Nebraska, Colorado and Texas. Van Duzee lists it 
from Muskoka lake district of Canada, Lake Temagami, Ontario 
and Quinze lake region. Comstock says it is one of the most com* 
mon spittle bugs of eastern United States. 
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HABITAT. 

Lepyronia quadrangularis is usually associated with weed patches, 
and therefore might truly be called a weed insect. Yet its habitat is 
not quite so general as this would imply. Neither adults nor 
nymphs can be taken on every weed patch one runs across in col¬ 
lecting, but seems to be found only in particular places. The se¬ 
lected spots usually occur near woods or thickets. It has been taken 
in thickets where weeds have sprung up in open spaces, by the road¬ 
sides adjoining woods or thickets, and on the weeds growing at the 
edge of a wheat field and on the wheat itself. They were found in 
most abundance, however, in a weed patch occupying half of a city 
block. This plot offered a variety of host plants and shelter, such 
as dogwood and elm sprouts, and large patches of sweet-clover, rag¬ 
weed and grasses; in fact, most of the collecting necessary for this 
work was done at this place, and several thousands of spittle insects 
must have been taken here. 

HIBERNATION AND SPRING APPEARANCE. 

Ball (1920) stated that all Cercopidae except one overwinter in 
the egg stage. Having this idea in mind when these studies were 
started, it was expected that the adults soon after emerging would 
mate, the female lay her eggs, and the overwintering form be easily 
obtained. The matter, however, was not as simple as this. During 
the summer of 1921 adults were observed in the field until August, 
but no mating or oviposition took place. The following spring, 
toward the latter part of April, eggs were sought in the field, but 
none could be found. On April 29 the first instars were found. At 
this time Mr. C. H. Curran gave the writer two adult females which 
he had collected on April 1 and April 4. He stated that toward the 
latter part of March and April adults had been quite abundant. 
This evidence seemed to point to the supposition that the adults 
might overwinter. Throughout the summer adults were closely ob¬ 
served in both the field and laboratory. During August and Sep¬ 
tember adults were very abundant, an average of fifty being taken 
in an hour’s collecting. On September 27, seventy-five adults were 
taken; on October 9, sixty; and October 19, thirty. In one of the 
outside cages four adults were observed on November 23. These 
late occurrences were due, no doubt, to the very late season, which 
prolonged vegetation as well as insect life. 

In the late fall, after mating had taken place, an experiment was 
attempted for the purpose of obtaining a premature oviposition. 
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Twenty adults were placed in a glass jar containing sterilized leaves 
and twigs and covered by cheese cloth. The jar was then placed 
outdoors, surrounded by ice except for a small breathing space at 
the top and kept in this condition for eight days. After a few days 
the adults became very sluggish, scarcely moving when disturbed 
except for a slight motion of the legs. When the eight days had 
elapsed they were brought into a warm room and placed in a cage in 
which green plants were growing. Nine out of twenty insects sur¬ 
vived, but no oviposit ion occurred. Although not fulfilling its orig¬ 
inal purpose, the experiment seemed to show that the adults probably 
overwinter. On December 23 Mr. Beamer collected a female of this 
species while sifling leaves in Cherokee county. Four overwintering 
females w r cre taken on April 18 and 19 of this year. The exact place 
of hibernation is difficult to determine. To date no adults have been 
obtained from the outside cage. They probably overwinter deep 
down under the leaves and matted grass in the (‘racks and crevices 
of the ground. 

CMMATOJLOGICAL DATA. 

As was stated in the foregoing paragraphs, overwintering females 
were taken on April 1 and April 4 in the spring of 1922, and per¬ 
haps others could have been obtained earlier, while in 1923 the 
first ones w T ere taken on April 19, making a total difference of 
seventeen days. This great variation can easily be explained by 
the difference in temperature of the two years. A comparison of 
the tw T o springs is given in the following table: 


Mean Departure Lowest Highest Greatest 

1922. for month from normal. temperature. temperature . daily range. 

February. 34.2° +1.47 2° on 13th 76® on 21st 39® 

March . 44.5° -f 1.4 1C* on 3at 78® on 23d 36° 

April . 56.3° +1.7 31° on 1st 82® on 6th 38° 

ms. 

February . 30.3® - 0 54 —2° 01° 88° 

March. 40.74° —2.03 —1° 80® 44® 


From a study of the table it is readily seen that the spring of 
1922 was above normal, while this spring is below normal, which 
accounts for the great difference in the dates of spring emergence. 

SEASONAL HISTORY AND SUMMARY OF LIFE HISTORY. 

A brief seasonal history and summary of life history is as fol¬ 
lows: The insect spends the greater part of the year in the adult 
form, covering a period of about ten months, and the other two 
months are spent in the egg and nymphal stages. Mating takes 
place in the fall; the females overwinter, emerging in the spring 
along in April. A few days after emergence the eggs are laid 
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The egg stage probably lasts two weeks, followed by a six weeks’ 
nymphal stage. The adults appear in June and feed all summer 
and fall until after mating, when the males probably die and the 
females go into winter quarters. 

OPPOSITION. 

Females collected in the spring were confined on small Holidayo 
and sweet-clover plants under lamp chimneys. Three females col¬ 
lected on April 18 died on April 23. Two of the females apparently 
laid no eggs. Thirty-eight eggs were found in the abdomen of one 
and thirty-three in the other. The third female laid in all nine 
eggs, one of them being found alone in one leaf and the other eight 
in a group in another leaf. The latter were laid in a row along the 
slender petiole of the Solidago leaf. Both leaves in which the eggs 
were inserted were brown and withered and were found at the base 
of the plant. This same female was dissected and six eggs were 
found in the abdomen. Another female collected on April 19 died 
April 23 without laying any eggs. Forty-five eggs were found in 
her abdomen. Two other females were taken on April 24. from one 
of which, at this time of writing, only one egg has been obtained. 
It too was inserted in a partially dead leaf. 

The eggs are inserted in the plant tissue. A longitudinal slit is 
made in the leaf and the egg deeply inserted, so that it makes a 
slight bulge in the leaf on the opposite side. The slit appears to 
be plugged with a whitish substance, which probably is part of the 
plant tissue, 

NUMBER OF IN STARS. 

The nymph passes through five nymphal stages, each stage differ¬ 
ing from the others somewhat, both in structural detail and color. 

LENGTH OF THE STAGES. 

The length of the various stages was difficult to determine, due to 
the difficulty in rearing the insects. The work accomplished dur¬ 
ing the summer of 1921 was of little value. It was started with 
nymphs of the third, fourth and fifth instars. These were brought 
into the laboratory on large cuttings of host plants, which were 
placed in water and covered by lamp chimneys. The intention was 
to change the spittle insects to fresh plants as quickly as the original 
ones wilted. Apparently there was not enough plant juice to supply 
the amount of fluid for so many new masses of spittle necessitated 
by the changes. A few nymphs, however, were carried through to 
adults. In the spring of 1922, having obtained the very small first 
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instars, and using a different method of rearing, better results were 
obtained. Various host plants were planted in small flower pots, 
and the insects were confined on these under lamp chimneys. This 
was an improvement over the first method, although not entirely 
satisfactory. By having the living plant a more steady flow of sap 
could be obtained, so that the insect, once established was able to 
proceed without interruptions. The chief difficulties to cope with 
were in getting the very restless first instars settled, and the fact 
that the plants became stunted and sickly under glass chimneys. 
Wire cages would have been more satisfactory for the rearing of the 
later nymphal stages, but would have been too open for the first 
instar. From some fifty-odd groups of experiments, only seven 
first-instar nymphs were carried through to adults. Other reliable 
data for the various stages were obtained piecemeal by counting the 
length of time from molt to molt. The rearings were carried on on 
a back porch, so that the temperature was practically the same as 
in the field. 

First-instar nymphs taken in the field remained the following 


number of days in 

this stage 









Apnl 

29 

to 

May 

5.. 

.7 

days 

May 

12 

to 

May 

21. 

.9 

days 

May 

2 

to 

May 

9.. 

.7 

days 

May 

12 

to 

May 

19. 

. 7 

days 

May 

3 

to 

May 

10.. 

. 7 

days 

May 

12 

to 

May 

20. 

.8 

days 

May 

4 

to 

May 

14.. 

.10 

days 

Mav 

12 

to 

May 

21. 

.9 

days 

May 

6 

to 

May 

17 . 

. 'll 

days 

May 

12 

to 

May 

14. .. 

. ... 2 

days 

May 

12 

to 

May 

17 . 

.5 

days 

May 

11 

to 

May 

21.... 

.10 

days 


This gives a range of from two to thirteen days for the instar. 
However, these data are not sufficiently accurate, since the nymphs 
were not obtained directly from the egg, but were picked up pro¬ 
miscuously in the field. Some of them appeared to have just 
hatched. The average time is probably ten or eleven days. 

Records for the second instar are as follows: 


May 17 to May 25. 8 days 

May 17 to May 22. 5 dayn 

May 21 to May 27. 6 days 

May 19 to May 25. 6 days 

May 19 to May 26. 7 days 

May 21 to May 29. 8 days 

May 14 to May 21. 7 days 


May 21 to May 27.6 days 

May 25 to June 3. 9 days 

May 22 to May 24.2 days 

May 22 to May 27.5 days 

May 22 to May 28.6 days 

’May 24 to May 31. 7 days 

June 26 to June 30.4 days 


These are accurate counts taken from molt to molt. The range 
is from two to nine days and the average length seems to be six or 
seven days. 
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Third-instar nymphs lived from— 


May 25 to May 31. 


June 3 to June 

9. 

. 6 days 

May 22 to May 29. 


May 24 to June 

5. 


May 27 to June 

6. 


May 28 to June 

8. 


May 25 to June 

1. 


May 31 to June 13. 


May 26 to June 

3. 


May 27 to June 

4. 

. 8 days 

May 29 to June 

6. 

. 8 days 

June 30 to July 

6. 


May 21 to May 30. 






These are also counted from molt to molt. The range is from 
six to thirteen. The average is eight. 

The fourth stage lasted from— 


May 

31 

to 

June 

8. 

.8 

days 

June 

5 

to 

June 

14. 

.9 

days 

June 

6 

to 

July 

1. 

.25 

days 

June 

13 

to 

July 

7. 

.24 

days 

June 

1 

to 

June 

11. 

.10 

days 

May 

31 

to 

June 

12. 

.12 

days 

June 

3 

to 

June 

12. 

.9 

days 

June 

5 

to 

June 

13 .... 

.8 

days 

June 

6 

to 

June 

16. 

.10 

days 

June 

6 

to 

June 

13. 

.7 

days 

May 

30 

to 

June 

9. 

.10 

days 

June 

8 

to 

June 

14. 

. 6 

days 

June 

9 

to 

June 

18. 

.9 

days 

June 

1 

to 

June 

25. 

.24 

days 

The 

range is 

> from 

six to 

twenty-five 

and i 

the average 

is between 

nine 

and 

ten. 











The 

fifth stage lasted from— 








June 

8 

to 

June 

19. 

.11 

days 

June 

18 

to 

June 

29.. .. 

.11 

days 

June 

1 

to 

July 

15. 

.14 

days 

June 

14 

to 

June 

24. 

.10 

days 

June 

ll 

to 

June 

26.... 

.15 

days 

July 

7 

to 

July 

20. 

.13 

days 

June 

12 

to 

June 

28. 

.16 

days 

June 

12 

to 

June 

30. 

.18 

days 

June 

16 

to 

July 

8. 

..*...22 

days 

June 

14 

to 

June 

25.... 

.11 

days 

June 

9 

to 

June 

23. 

.14 

days 

June 

25 

to 

July 

9. 

.14 

days 


The range is from ten to twenty-two and the average between 
eleven and fifteen. 

The seven complete histories from first instar to adult are as 


follows: 

Number. First. Second. Third. Fourth. Fifth. Totals. 

1 . 11 8 6 8 11 44 

2 . 9 6 10 25 14 89 

3 . 7 6 7 10 15 45 

4 . 7 7 8 9 16 47 

6. 9 8 8 10 22 57 

6 . 2 7 6 10 14 39 

7 . 13 9 6 9 11 48 


From the foregoing data it is apparent that there is a wide varia¬ 
tion in the length of any stage, which is probably due to the nature 
and condition of the food plant and the abundance of the sap. 

Field observations also show a wide variation in the length of the 
stages. In 3922 the first-instar nymphs were taken on April 29 and 
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the last one on June 23, while they reached their maximum abun¬ 
dance between May 11 and May 16. Second-instar nymphs ap¬ 
peared May 4, reached their maximum number about May 18 to 
May 27, and disappeared around June 20. Third instars were first 
taken about May 11, were most abundant from May 29 to June 3, 
while fourth instars appeared about May 16 and reached the maxi¬ 
mum from June 7 to June 10. The first fifth instars were taken on 
June 2. They were most abundant from June 13 to June 20 and 
began to thin out by June 27, the last two being taken on July 4. 
The average total of days for the nymphal stages is perhaps forty- 
five days. 

HABITS OF NYMPHS. 

Perhaps the first thing of interest to note about the nymphs is 
their restlessness in the laboratory and their agility in moving 
around. Since they are always found in spittle masses, it is only 
natural to think of them as being rather inactive, helpless larva 1 , 
but such does not appear to be the case. The first-instar nymphs 
especially are most active. In fact one of the greatest difficulties 
to overcome in the rearing of these insects was the continual moving 
of the first instars. When collecting, if the larva 1 were brought away 
undisturbed in their spittle masses they usually were found missing 
on arriving at the laboratory. A satisfactory method of taking 
them is to wrap the plants in an improvised envelope of newspaper 
and carry them away in this fashion. When the nymphs are trans¬ 
ferred to new plants it takes them some time to become settled. 
They ramble aimlessly over the plant, seemingly looking for the 
most favorable feeding ground. In one instance a nymph was 
observed which wandered the entire length of the stem and back 
again, then out on the leaf, where it rambled all over the surface, 
and even hung poised in the air, walking on the extreme margin of 
the leaf. During this wandering period they repeatedly fall off the 
plant on the dirt, where, if they happen to light on their backs, they 
struggle to regain their feet, and usually perish in the attempt. They 
dry up very quickly if not living in their spittle masses. Many times 
they crawl from the plant to the ground and reach the surface of the 
glass globe, where ensues a struggle to climb up the slick glass. 
Several times during their wanderings the first instars have dis¬ 
appeared entirely, crawling through two thicknesses of cheesecloth. 

This restlessness of the nymphs is apt to be incited in two ways, 
namely, by disturbing them in the spittle mass and because of lack 
of juice from the plant. While looking for molted skins it was 
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usually necessary to shove the insect around in the spittle mass in 
order to see the skin, and this often disturbed the nymph so much 
that it would immediately hunt a new place. 

Lepyronia nymphs have a comical appearance while walking over 
the plant. Their legs are long and they walk with their bodies lifted 
high in the air. Sometimes they walk exceedingly fast, but at other 
times they merely creep along. Occasionally the nymph extends 
its abdomen in the air at right angles to its body, first expanding it 
and then contracting it in a telescopic manner; it does this even 
while it walks. 

The gregariousness of spittle insects is plainly evident, although 
it probably is due more to chance than instinct. A probable ex¬ 
planation is that in their roaming over the plants they encounter 
oilier spittle masses, and it is much easier to stay in this than to 
make a new mass. In many cases three or four instars have been 
found together in the same spittle mass. For this reason, toward 
the last of the season the first instars are not so readily seen unless 
each spittle mass is examined, since they are found deeply imbedded 
in the spittle mass made by larger nymphs. On one stalk of Ambro¬ 
sia trifida (horseweed) three inches of solid spittle were found ex¬ 
tending all around the stem. In the mass there were thirty-one in¬ 
sects, of which sixteen were fourth instars, ten were third instars, 
and five were fifth instars. Fifteen molted skins were found in it 
also. On another plant were found three large masses of fourth and 
fifth instars, which were packed so closely together that the spittle 
scarcely covered them. Spittle masses were very large and abun¬ 
dant on elm sprouts; one stalk bore a mass of spittle which extended 
four inches along the stem; another branch bore eleven masses. On 
another host plant two large masses of spittle were found, one mass 
containing six nymphs and the other six or ten. On June 13, on a 
single plant of Ambrosia trifida a spittle mass twelve inches long 
was found, which contained sixty-eight or more nymphs. The spit¬ 
tle was white and foamy, but was barely enough to cover the 
nymphs, since the form of their bodies could be plainly seen 
through it. 

In the literature it is often stated that the nymph lives and molts 
in the same mass of spittle until the adult form is reached. Com¬ 
stock (1895), in his brief discussion of Cercopid®, states that it had 
been asserted that they undergo all their changes in the spittle mass. 
Girault (1904) says of Aphrophora parallels (Say), that they seldom 
move unless disturbed, and Garman (1921), in his work with Phil- 
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asms lineatus (Linn.), states that during nymphal life the bug may 
construct several balls, but that there usually is little migration 
after the firet mass is formed. Kershaw (1914), on the other hand, 
is of the opinion that the nymphs of Tomaspis saccharina usually, 
but not always, leave the spittle mass after a molt. 

In the study of Lepyronia qmdrangularis an experiment was at¬ 
tempted to determine just to what extent these migrations were car¬ 
ried on in the field. Four goldenrod plants bearing spittle masses 
were marked with white rags about May 12. It was difficult to de¬ 
termine in what stage the nymphs were at this time, since it was not 
thought best to disturb them, but they appeared to be in the latter 
part of the firet stage. On May 16 three plants had second instare 
on them and the fourth had a second- and a fourth-stage nymph in 
one mass. On May 27 these plants were observed again. One plant 
was entirely deserted, but the other three appeared to be all right, 
with the spittle masses in practically the same position. June 2 
found them practically the same, but other weeds were beginning 
to crowd around them so that little data thenceforth could be ob¬ 
tained. On June 7, however, one or two new masses of spittle were 
found on each of the marked plants, including the deserted one, 
which now bore three masses. This seems to point to the conclusion 
that the nymphs do move in the field even when not disturbed. Fre¬ 
quently, while collecting, molted skins can be found in deserted 
spittle masses. 

In captivity, at least, as was stated above, the nymphs move con¬ 
siderably. Following the records of a few reared from firet instare 
to adults may illustrate this fact. One first instar collected on May 
6 was placed on a plant and soon formed a spittle mass. On May 
17 it molted to a second instar, remaining in the same mass of spit¬ 
tle until May 18. On this date it moved farther down on the plant 
and made a new mass. It remained in this mass of spittle until 
June 7, in the meantime having molted on May 23 and May 25. 
After this last migration it formed a new mass of spittle higher up 
on the plant, where it remained until emerging as an adult. Another 
nymph, collected on May 12 and reared to adult, moved only twice, 
both times being between molts and not just after. Still another 
moved three times during its five changes. A fourth specimen, col¬ 
lected in the second stage, moved six times before emerging as an 
adult, and only once moved directly after molting. From the fore¬ 
going there appears to be no fixed habit of moving after each molt. 
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They probably move from lack of food or because of disturbances, 
and in the field, if they find a favorable place, they may stay in one 
place throughout their period of growth. 

The size of the spittle mass varies for each instar, being in pro¬ 
portion to the size of the nymphs. The first-instar nymphs, at least 
the recently hatched ones, are covered by a clear drop of fluid with 
very little foam, and for this reason are easily discovered in the 
field. In fact, they were originally discovered by means of these 
clear drops of fluid. When walking through the weeds the writer's 
attention was attracted by these shiny drops of fluid on the vegeta¬ 
tion, and upon closer examination it was found that they came 
from the spittle nymphs, which were usually found on the under 
sides of the leaves, and for this reason are not easily seen. The 
spittle masses of the other instars arc usually foamy and puffy in 
the field. 

When the insect is ready to transform into an adult an interest¬ 
ing change in the spittle mass takes place. The superficial part of 
the foam dries and stiffens somewhat, so that it forms a roof to a 
closed chamber. Within this chamber the molt occurs, and the adult 
can be seen distinctly in this mass. It usually takes a day for the 
adult to harden sufficiently to emerge. If they are removed from 
the mass too soon they do not gain their full color, but have a yel¬ 
lowish-tan appearance. When the adult is ready to emerge the 
slightest disturbance causes it to give a strong leap, thus freeing it¬ 
self from the spittle ball and leaving a round opening in the latter. 
Empty chambers are found quite frequently in the field. 

In captivity all the instars made comparatively little spittle. In 
a good many cases they lived chiefly in the fluid without producing 
many bubbles. When the spittle was produced it usually was just 
sufficient to cover them. The fourth- and fifth-instar nymphs were 
able to make the most spittle, but even these did not reach the 
proportion of those in the field. 

The process of froth-making in the Cercopidse has been a topic of 
discussion for some time. The earliest conception of the spittle 
masses was that they were voided by tree frogs. Fabre (1900), in 
the discussion of froth-making by Aphrophora spumarius , which in 
his picturesque way he calls the “cicadelle,” says that the peasants 
of France give another name to this substance. They call it "cuckoo 
spit,” because the little balls occur at the time of year when this 
bird returns from its migrations. The early entomologists assigned 
the spittle to its correct cause, but they thought that the foam 
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was exuded from the anus of the little nymphs. This viewpoint was 
summarized by Harris (1862) as follows: “Here may be arranged 
the singular insects called froghoppcrs, Cercopidse, which pass their 
whole lives on plants, on the stems of which their eggs are laid in 
the autumn. The following summer they are hatched and the young 
immediately perforate the bark with their beaks and begin to im¬ 
bibe the sap. They take in such quantities of this that it oozes out 
of their bodies continually in the form of little bubbles, which soon 
completely cover up the insects.” 

In 1900 several papers on froth formation were published by 
European and American writers. Morse (1900) is generally given 
the credit for discovering that the insect emits a liquid only and 
later enfolds air bubbles in the liquid. His original account really 
appeared in 1875 in Ins “Elementary Zoology.” Fabre (1900), 
Gruner (1900), and Sule (1900) concluded the same thing, but they 
all differ as to the method by which the result is obtained. 

According to Morse (1900) a clear fluid is emitted by the nymph, 
which flows over the entire body and fills up the crevices between 
the legs. Next the insect extends the abdomen out of the fluid, 
opens the posterior segments like claspers, grasps a bubble of air, 
and then turns the abdomen under the fluid, allowing the inclosed 
air to escape. According to him, the movements go on at the rate 
of seventy to eighty times a minute and thirty to forty bubbles 
were made m a half hour. He says that the claspers seem to be the 
tergal portions of the ninth segment. 

Fabre (1900) describes a similar apparatus. According to him, 
the insect has a special device, which is composed of the two pleural 
lobes of the ninth segment, acting as claspers for grasping air, and 
a pocket, formed by these lobes, which ’serves as a container for 
air. From a caudal view of the abdomen, when the two pleural 
lobes are drawn apart, a y-shapod opening in the pocket is produced, 
or, in other words, the expanding and contracting of these lobes 
opens and closes the pocket. In producing the bubbles the tip of the 
abdomen is thrust out of the liquid, the pleural lobes spread apart, 
letting air into the pocket, then close together again, and at the 
same time the abdomen is pulled under the fluid. At this point the 
pocket, being flexible, contracts, and thus forces air out of the 
pocket, forming a bubble in the viscid fluid. 

The explanation of bubble formation advanced by Gruner (1900) 
is similar to that of Fabre’s in that he too describes a pocketlike 
cavity and two terminal clasping plates. He maintains, however, 
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that the air for the bubbles is supplied from the trachese. The fol¬ 
lowing is his account of the process: “Soon after the larvae have 
fastened themselves head downward on the plant and have imbibed 
some of the sap, the terminal portion of the abdomen rythmically 
contracts so that the fluid from the anus is exuded and flows into the 
cavity or pocket. The insect being head downward, the fluid flows 
into the pocket, where it becomes mixed with air coming from the 
last few pairs of spiracles. Bubbles are thus produced in the pocket 
by the contraction and expansion of the tergal plates.” 

Sulc (1910) describes a still different apparatus, namely the air 
canal. He says that the “pochette” of Fabre and the “tasche” of 
Gruner is not present, but that the special device is the air canal 
(pi. LXII, figs. 6 and 7). This air canal or channel is formed by the 
tergal pads or plates. Beginning with the fourth segment and ex¬ 
tending to the ninth, the plates are prominent and are capable of 
touching on their median margins. The plates of the first and 
second segments are short and widely separated from each other 
The tergal plates of the third abdominal segment are triangular, so 
that only their posterior medial margins can touch each other. 
Arising from the median portion of the third sternite between the 
two plates there appears a special triangular, caudad-projecting 
protuberance (pi. LXII, fig. 6), which serves to close the channel. 
Thus the tergal plates form a channel which extends directly from 
the ninth segment to the middle of the third. At this point it be¬ 
comes Y-shaped, dividing into two smaller channels, which continue 
to the right and left until the hind margins of the thorax arc reached. 
When the cercopid is submerged in the spittle the tergal pads are 
pressed firmly together by means of the contraction of strong 
muscles, and the tip of the abdomen just reaches the surface of the 
spittle. According to Sulc, the froghopper nymph can be compared 
to water-dwelling insects with open, tracheal systems, only devi¬ 
ating from all hitherto known examples by having this special de¬ 
vice of the air channel. When fresh air is desired the tip of the 
abdomen is thrust out of the spittle, the air channel opens and the 
air enters. Immediately the air channel is compressed and at this 
moment a bubble is released in the spittle mass. 

The writer’s own observations were made before reading the 
above descriptions. It was very difficult to view this process at all, 
because of the difficulty of getting the nymphs to settle on the cut 
plants, and when they made the foam on living plants it was almost 
impossible to focus the microscope on them. Most of the observe- 
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tions were interrupted before much data could be obtained. The 
longest observation was that on a fourth instar, which started mak¬ 
ing spittle on a large leaf which could easily be placed under the 
microscope. It started making spittle at 9:40 a. m. At this time 
the abdomen was extended in the air, and from the slitlike opening 
in the anus could be seen to exude a clear fluid, which flowed down 
beneath the body in the ventral channel or air canal of Sulc. A 
second or so was spent in ejecting this fluid, and then the insect 
began dipping the abdomen in and out of this fluid, each time pro¬ 
ducing a bubble. It did this for ten times, and then the abdomen 
was lifted high in the air twice and the terminal plates were spread 
far apart. When a number of bubbles was produced the abdomen 
was pulled beneath them and then brought up through them so that 
they were separated and pushed on each side of it. When reaching 
after air the plates were spread far apart, but at the surface of the 
spittle they came together. The farther out the abdomen was ex¬ 
tended and the slower the movements the larger the bubbles were. 
The abdomen was next pulled down deeply in the spittle and a few 
small bubbles were produced. Again the nymph rested for a minute 
or so, while more fluid flowed from the anus At times the nymph 
kicked rapidly with its two front pair of legs, making the bubbles 
go to the side, and during the whole performance one front leg was 
constantly kicking so th&t gradually the bubbles were worked head- 
ward. Again it made bubbles, rested for three and one-half minutes, 
while the body was straightened out until the spittle was all around 
the side and partly on the side of the head. Another cessation of 
bubble-making lasted for six minutes. Later the nymph lay almost 
on one side with the bubbles entirely on the other side. Next more 
fluid was ejected until the body was entirely surrounded and the 
bubbles pushed entirely to the edge of the fluid mass. A rest of ten 
minutes followed. At 11:10 it had not ceased making spittle, and 
the insect was still visible, although the entire body was covered by 
a thin sheet of foam. At 11:45 there was considerable more spittle 
and the nymph was still working. 

Another nymph was watched. It started making spittle at 8:20, 
and in fifteen minutes had enough spittle to make a thin covering 
for its body. 

From a study of the nymphs of Lepyronia it appears that Bale 
has described the process more accurately than any of the others. 
His description seems to differ only in extent from that of Fabre and 
Morse, both of which consider the two tergal plates of the ninth 
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segment of the abdomen as being the responsible machinery. Since 
these are the terminal plates, they naturally are the most prom¬ 
inent and under low magnification appear to do most of the work. 
From a translation of Sulc’s work, it seems that he does not attrib¬ 
ute the bubbles to the work of merely the last pair of plates, but 
to all nine pairs, which come together and form the air channel. He 
thus makes respiration and bubble-formation a simultaneous action. 
From observations of Lepyronia he is apparently right, since the 
writer has seen six pairs of plates in action very distinctly. 

COMPOSITION OF THE FROTH. 

The composition of the froth of spittle insects has been studied 
by different writers. They all have noted the viscid quality of the 
fluid, which they assert is necessary to maintain the frothy condition. 
Morse (1900) found that when nymphs were placed in water they 
immediately began clutching the air and making bubbles. The 
bubbles disappeared, however, as soon as made, for the clear water 
did not preserve them. Besides this viscidity, the spittle has a cer¬ 
tain insolubility in water and alcohol. When collecting immediately 
after showers and heavy rains the spittle masses arc found intact, 
even those which were in exposed places. In alcohol the spittle 
seems to coagulate in a stringy mass, which clings to the feet and 
body and is hard to pull away. Garman (1921) says that it is 
readily soluble in sodium hydroxide, has no reaction to iodine, al¬ 
though probably containing some sugar, and that the albuminous 
substance is not coagulated with heat. Gruner (1900) after several 
experiments comes to the conclusion that 94.565 per cent of the 
spittle fluid is water, 3.827 per cent organic substance, and 1.607 per 
cent inorganic salts. The spittle mass of Lepyronia can easily be 
told in the field from that of a Clastoptera by its composition. The 
spittle of the former contains more and larger bubbles and resembles 
the beaten white of egg, while the spittle of Clastoptera contains 
much smaller bubbles, which seem to be all on the outside of the 
mass, while the center of the mass appears to be a clear, gelatinous 
material. Kershaw (1914) states that the spittle of the nymph 
appears to be a mucin or mucinoid. He found that it granulates 
with subacetate of lead and stains deeply with methylene blue in 
glycerin and alcohol. Furthermore, the fluid appears to have every 
substance excreted from the anus, such as calcium oxalate, uric acid, 
leucine pellates and urates, potassium and sodium chlorides. 
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LONGEVITY OF ADULTS. 

In 1921 the first adults were collected June 14 and the last ones 
on July 23. The latter date does not represent their last appearance, 
but merely the time when collecting trips ceased. In the spring of 
1923 Mr. C. H. Curran collected specimens on April 1 and April 4, 
which w r as practically the first indication that they might overwinter 
as adults. By the first part of May adults were no more in evidence. 
Adults hatching from eggs in the spring began to appear on June 13, 
becoming quite numerous by June 19. The rest of the summer and 
fall adults could be taken in great numbers, sometimes averaging 
seventy-five in one hour’s collecting. The last date in the fall was 
November 23. In the spring of 1923 adult females were first taken 
on April 19. From these facts it appears that the insects, at least 
the female, spends the greater part of the year in the adult form— 
from the middle of Juno until about the middle of April, or a period 
of ten months. 

HABITS OF ADULTS. 

The adult bug is a very sluggish insect. It sits for hours on the 
stems and leaves of plants, feeding continually. Many were found 
on thistle plants, where they could be easily watched. Some were 
under observation for two hours, during which time they never 
changed position. While feeding they emit a clear fluid or honey 
dew, which falls from beneath them in large drops. One individual 
was watched for an hour, during which time 200 drops of honeydew 
were emitted. While feeding they usually sit with their legs folded 
snugly beneath the wings. When walking they seem to spread the 
two front pairs of legvS out to the side, propelling themselves along 
by them, but the hind pair are held straight beneath the wings and 
dragged along behind, evidently only of use in jumping. When 
disturbed froghoppers give a powerful leap, and for this reason are 
hard to collect. The best method of collecting them is by sweeping 
and then holding a large-sized test-tube in front of them in such a 
position that they will hop into the tube, since they always jump 
in a forward direction. 

MATING. 

Mating takes place in the late fall. On September 27 two pairs 
were found mating in a cage in the insectary. On September 28 
one pair was caught in the field while mating and two pairs in an 
inside cage. A day later two more pairs mated, and on September 30 
another pair and on October 2 still another, making nine pairs in 
all. After this the males probably die and the females go into 
winter quarters. 
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FOOD HABITS. 

The nymphs and adults of this cereopid have a wide range of 
food plants. The nymphs have been found feeding on sixty-two 
species of plants, which are as follows: 

Afctinomeris altcmifolia . Composite. 

Agrimonia gyrposopala (acrimony). Rosace®. 

Ambrosia trifida (horseweedi . Compositae. 

Ambrosia artemisiifolia (ragweed) . Compositae. 

Andropogan furcatus . Gramine®. 

Apocynum cannabinum (dogbane). Apocynace®. 

Apocynum pubescens . Apocynaceae. 

Asclepias syriaca (common milkweed). Asclepiadace®. 

Asclepias tuberosa (butterfly weed). Asclepiadace®. 

Asclepias verticillata . Asclepiadacese. 

Aster paniculatum . Compositae. 

Aster sahoifolms . Compositae. 

Rromus secalmus (chess or cheat).Gramme®. 

Chenopodium album (lambs-quarters). Chenopodiacc®. 

Oirsmm altissimum (thistle). Composite. 

Cornus baileyi (dogwood). Cornace®. 

longeron canadensis (butterweod). Composit®. 

Rrigeron r a rno.su s (daisy fleabane).Composite. 

Kupatorium altissimum . Composite. 

Galium aparine var. vaillantii (cleavers). Rubiace®. 

Gemn canadense (avens) . Rosace®. 

Geum strietum (avens) . Rosace®. 

Helianthus grosserratus (?) (sunflower). Coniposit® 

Helmuthus petiolaris . Coniposit® 

Hehopsis sea bra (oxeve) . Coniposit®. 

Juglans nigra (black walnut) . Juglandace®. 

Lactuoa canadensis (wild lettuce) . Composit®. 

Lactuca pulchella (?) . Composit®. 

Lactuca scariola. Composit®. 

Lactuca spicata -. Composit®. 

Lyeopus americanus (?) (water horehound). Labiat®. 

Melilotus alba (sweet-clover). Leguminos®. 

Morins rubra (red mulberry). Urticacca*. 

Osmorhiza claytoni (sweet cicely). Umbellifer®. 

Panicum virgatum . Gramine®. 

Panicum wilcoxianum . Gramine®. 

Phleura pratense (timothy) . Gramine®. 

Plantago rugelii (plantain) . Plantaginace®. 

Prunella vulgaris (heal-all or carpenter weed)... Labiat®. 

Rhus glabra (smooth sumac) . Anacardiace®. 

Robinia pseudo-acacia (black locust). Leguminos®. 

Rosa setigera (wild rose) . Rosace®. 

Rubus canadensis . Rosace®. 

Rubus occidentals (black raspberry). Rosace®. 
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Rudbeekia fulgida (coneflowtr) . Composite. 

Ruellia ciliosa . Acanthaceae. 

Rucllia parviflora . Acanthaceae. 

Sanicula canadenso . Umbelliferae. 

Sanicula marilandica (black snakeroot) . Umbelliferae. 

Solidago altissima (goldenrod) . Composite. 

Sohdago rigida . Composite. 

Sphenopholis obtusata . Gramineae, 

Stachys palustris (hedge nettle) . Labiate. 

Svmphoriearpos orbicnlatus (coralberry) . Caprifoliaceae. 

Taraxacum officinale (dandelion).Composite. 

Triadenum \irginicum (marsh St. .John’s wort).. Hyperieaeesp 

Tridens fiavus (tall redtop grass) . Gramme*. 

Triticum vulgare (wheat) . Gramineae. 

Ulnrns fulva (slippery elm). Urticaeeie. 

Urtiea gracilis. Urticaceae. 

Verbena urticaefolia . VerbenaceiP. 

Vernonia baldwini (ironweed) . Composite. 


Among this list of plants there are nineteen families of plants 
represented. The families containing the most species are the Com- 
posita\ Gramme® and Rosace®, which have twenty, nine and five 
species, respectively. In early spring the first nymphs were found 
in one small plot of Solidago plants. Later they were found on 
other groups of plants, such as aster, grasses and giant horseweed 
{Ambrosia trifida). Toward the last part of the nvmphal season 
the most popular single food plant, perhaps, was Ambrosia artnnsii - 
folia , or ragweed. It was chiefly on Ambrosia trifida and Cirsium 
altissimum , however, that the large masses of spittle containing so 
many nymphs were found. 

The spittle masses are usually found along the plant stems, 
although with broad-leafed varieties of plants, such as plantain and 
elm, they are also found on the back of the leaves. 

Not only did the nymphs collectively show a remarkable diversity 
of choice of food plants, but each individual nymph seems to have 
no restriction to any particular plant. Nymphs feeding on thistle 
in the field could be brought into the laboratory and reared on rag¬ 
weed. In the cages where several species of plants were growing 
together, such as ragweed and lamb’s-quarters, nymphs have been 
observed to migrate from one to another several times during their 
development. 

Fabre (1900) discusses this strange disregard, as he calls it, of 
genera and species of plants. He says that it would be hard to 
make a list of the plants in his neighborhood which have been lack¬ 
ing in spittle. With a brush he picked up nymphs feeding on one 
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species of plant and deposited them on a new plant of entirely dif¬ 
ferent flavor, only to find that the new was accepted without hesita¬ 
tion. He found that the insect could easily be transferred from the 
bean, a plant of mild flavor, to the spicy euphorbia, and back again. 
It also could be transferred from such pepper plants as Arum itali - 
cum, of which it takes only a small portion of the leaf to burn the 
lips, to the perfumed marurn and common dandelion. In order to 
find the explanation of this Fabre carried on the following experi¬ 
ments. He first discovered that when he punctured a euphorbia 
plant with a small instrument, the milky, poisonous sap oozed forth, 
but that when the beak of the insect was pushed in only a colorless, 
neutral fluid was obtained. In fact, the nymph soon perished in the 
milk of the euphorbia, because of its caustic properties. He there¬ 
fore* concludes that the siphon of the cicada, by a selection which 
should be envied, selects at the bottom of the puncture the substance 
it needs for food, which is tin* same in all plants, and therefore pro¬ 
duces the same colorless fluid, no matter what the species of plant is 
on which the nymph is feeding 

Other observers have found this species feeding on additional host 
plants. Gillette and Baker (1895) took it on Clematis ligusticifolia 
and Can. r (Gillette). Lintner (1895) found it very common m 
groves ol sugar maple, “where numbers of them were often met with, 
drowned in vessels of sap.” Osborn (1916) took it on Impatinis 
hi flora. 

NATURAL ENEMIES. 

It is generally conceded that the froth or spittle is a protective 
measure. This is undoubtedly the case, for cereopid nymphs are 
remarkably free from parasites or predators. A Syrphw s* knabi was 
found sucking at a spittle mass for a short while, but soon flew away 
without causing any disturbance. At one time a nahid nymph was 
found sucking the nymph of Clastoptera protcus. The latter was 
found about two inches away from the nearest spittle mass, and 
probably had just left the mass when it was captured by the nabid 
nymph. Three adults of this same species of cereopid were found 
in the web of a small spider. They were all dead. Gruner (1900) 
experimented with red ants and the nymphs of Aphrophora and 
Philwnm. If he placed the nymphs, without any spittle, near the 
ants, the latter immediately pounced on them and began dragging 
them away. However, when he placed grass tufts, bearing nymphs 
in spittle masses, near them, the ants immediately covered the tutts, 
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but as soon as the mass was reached would stop and turn back. 
Garman (1921) states that the spittle ball offers an ideal medium 
for molds and bacteria, which may sometimes be found in large 
numbers. None of these organisms were found in the spittle balls of 
Lepyvonia. Urich (1913) in his studies of Trinidad froghoppers has 
found that they are preyed upon by two birds, a reptile, batrachian, 
spiders, predatory insects, and is the host of two parasitic insects 
and a parasitic worm, which all together play an important part in 
the control of these froghoppers. Williams (1923) reports the larvae 
of Drosophila paradoxa living in the spittle mass of a Clastoptera. 
He states that they undoubtedly kill some of the spittle nymphs. 
Considering the family as a whole, however, it is evident that frog¬ 
hoppers have few natural enemies, and this probably is due to the 
protection of the viscid spittle material. 

DESCRIPTION OF DIFFERENT STAGES 
THE EGG. 

Length, 12 mm.; width, 0.3 nun. Elongate, slightly curved, tapering to a 
rather sharp point, at one end and to a more blunt one at the other end. 
They are white in eolor, somewhat transparent, and the surface is smooth. 

FIRST IN STAR. 

Size. Average length, 1.53 mm ; width across eyes, 0.456 min.; width across 
abdomen, 0.549 ram. 

Color. Head and thorax'yellowish white washed with brown, the meso- 
thorax and metathorax darker gray-brown. The abdomen is a bright yellow', 
with a pair of oval, orange spots occupying the lateral and part, of the dorsal 
and ventral surfaces of the fourth, fifth and sixth segments. The eyes are 
reddish brown and the legs yellowish white washed in brown, especially at 
their bases. 

Structural characteristics. The anterior portion of the head is bulblike, 
distinctly rounded and with the elypeus greatly inflated. The division between 
the front and vortex is indicated by a short line cephalad of each antenna, 
which runs mesad. No ocelli are present. The antennae have nine segments, 
the basal segment a short, stout one, the second and third elongate-stout, and 
the fourth fan-shaped, with the distal five segments ringlike. There is no 
evidence of wing pads from a dorsal view, and only a faint indication from 
the lateral view m the form of a slight caudal extension. The legs have pro¬ 
portionately greatly elongated cox® and have only two segments in the tarsus, 
a short, basal one and a logger distal one. Pleural lobes are not conspicuous. 

SECOND INSTAR. 

Size. Average length. 2.02 mm.; width across eyes, 0.525 mm.; width across 
abdomen, 0.699 mm. 

Color. Body is pale yellowish-white. Head is washed in reddish-brown. 
Prothorax is pale yellowish-white only slightly washed in grayish-brown. 
Mosothorax and iuetathorax are darker gray-brown. Orange spots on abdomen 
are only faintly visible. 
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Structural characteristics. Practically the same as in the preceding instar 
The wing pads show no marked development. The mesothorax and meta¬ 
thorax together are equal in length to the prothorax. Clypeus is slightly more 
inflated than in the first instar. 

THIRD INSTAR. 

Size. Average length, 3.75 mm.; width across eyes, 1.05 mm.; width across 
abdomen, 1.33 mm. 

Color. Body is pale whitish-yellow, with considerable more yellow than in 
the second instar. Head and thorax are unchanged in color. 

Striu'tural characteristics. The wing pads are plainly visible as caudal ex¬ 
tensions of the lateral angle of the thoracic tergites, the first pair more promi¬ 
nent than the second. The mesothorax is equal in length to the prothorax 
and about twice the length of the metathorax. Two ocelli are present and are 
black in color. Antennae with nine segments, but the terminal five segments 
are much elongated. 

FOURTH INSTAR. 

Size. Average length, 4.48 mm.; width across eyes, 2.57 mm ; width across 
abdomen, 2.17 mm. 

Color. Body pale greenish yellow. Head washed with reddish brown. 
Thorax vanes from pale yellow to dark brown on mesothorax and metathorax. 

Structural chnractt fistic*. Antenna* are practically the same m shape, but 
more elongate. The first pair of wing pacts are produced caudad until their 
apices almost reach the apex of the second pair. The* exposed portion of the 
second pair is but little longer than that of the first pair. 

FIFTH IN STAR. 

Size. Average length, 6.94 mm ; width across eves, 2.57 mm.; width across 
abdomen, 2.17 mm. 

Color. Body whitish green with very little yellow. Head and thorax are 
generally of the same color as the body. 

Structural characteristics. Lateral angles of the first pair of wing pads 
are more produced and as long as the second pair. Second pair are also 
greatly enlarged both m width and length, reaching the third segment of the 
abdomen. Prothorax has the adult form with its emarginate posterior margin. 
Median portion of mesothorax. is produced caudad until it almost touches the 
posterior margin of the metathorax. Metathorax also slightly produced caudad. 
On the metathoraeie leg indication of the third tarsal segment is shown; the 
two rows of spines on the distal end of the tibia are also present, and the rows 
of spines on the distal end of each segment of the tarsus are faintly visible. 
The two front pairs of legs still have two segments in the tarsi and have two 
rows of spines on the distal end of the tibiae which are not present, in the adult. 

NOTES ON THE DIFFERENT STAGES. 

Structural differences between the first and second instars were 
hard to discover. The chief difference is in the size, although a f<rw 
minor characters are sometimes evident. In the second instar the 
apex of the labium just comes to the first coxa, but in the first 
instar it extends to the second coxa, or at least between the coxse 
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of the first pair of legs. In the second instar the length of the 
mesothorax and metathorax together is approximately equal to 
that of the prothorax, while in the first stage the prothorax is longer 
than the other two together and the mesothorax is slightly longer 
than the metathorax. 

From the second to fifth instars color variation in the head and 
thorax can be found. Some specimens in each instar were both 
collected and reared in which the head and thorax were of the same 
color as the body. Others had head and thorax both washed in 
dark reddish brown, while still others had a pale prothorax with a 
dark mesothorax and metathorax, so that the thorax appeared to be 
distinctly banded. In the third and fourth instars the bands were 
of such dark-brown pigment that they appeared as black bands to 
the naked eye and made the nymphs very conspicuous. Apparently 
this color variation has no relation to sex, since both sexes have 
been found to have these different combinations. 

On the fourth, fifth and sixth abdominal segments of the first 
instar appear two large, oval, orange spots. These spots make the 
first-instar nymphs more conspicuous and more vividly colored 
than any of the other instars. They probably indicate the location 
of the spittle glands which secrete part at least of the viscid fluid 
of the foam, Carman (1921) says that they appear as yellow spots 
on the side of the abdomen of Philcvnus , and Osborne (1916) found 
them as black spots in another species. Both writers state that the 
glands are found on the seventh and eighth segments, but in 
Lcpyronia they are found on the above-mentioned segments. On 
the other hand, Kershaw (1914) says that the fluid is produced by 
the anterior or smooth portion of the inalpighian tubes. The whole 
question is an interesting matter for further investigation. 

ECONOMIC IMPORTANCE. 

In general froghoppers are not considered economically important, 
since they are found feeding chiefly on weeds and wild plants. 
There are a few, however, which have been reported as doing con¬ 
siderable damage to certain cultivated host plants. Osborne (1916) 
thinks that the damage caused by froghoppers has been over¬ 
looked. According to him, Philcenus spumarms L. considerably 
affects clover, for he noticed that the plants which are attacked 
wither and do not bear heads. He also has observed Philcenus lin - 
eat us L. being so abundant on grass and hay crops as to occasion 
distinct losses, timothy and redtop being most frequently injured. 
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Ashley (1919) reports an Aphrophora in England which causes 
serious damage to roses during June and July by weakening the 
young shoots and buds by extracting the sap. Harris (1862) re¬ 
ports Clastoptera proteus as doing great injury to the cranberry 
crop in some parts of Massachusetts. The most destructive frog- 
hopper is the sugar-cane froghopper, Tomaxpis varia Fabr., which 
is estimated by Urieh (1913) as destroying ten per cent of the sugar 
crop of Trinidad. The damage which is done is called “blight” and 
consists of a withering of the leaves of the canes and a stunting of 
the stem. This is accomplished chiefly by the nymphs feeding on 
the roots, although the feeding of the adults on the leaves of very 
young plants may also cause it. Williams (1923) reports Clastop¬ 
tera theobromm Wills as destroying the flowers of the cacao in 
Panama. 

No records of serious damage caused by Lepyronia quadrangularis 
have been found. Fitch (1856) records it on grape. The writer has 
found it on several economic plants, such as timothy, black rasp¬ 
berry, wheat and sweet-clover. Most of these, excepting wheat, 
were isolated plants or small groups of them, and therefore were 
not of much importance. In the case of the wheat, however, the 
matter was more serious. A good many stalks of wheat were 
found bearing spittle masses. These occurred chiefly at one side of 
the field next, to the weeds, bordering a woods, and evidently they 
had migrated from the weeds to the wheat. In all cases where the 
nymphs were feeding on the wheat the heads were half the size of 
the good heads. Nine good heads were averaged, and the number 
of kernels was thirty-four to a head. Eleven poor heads were 
averaged, and the number was only ten, which makes an ap¬ 
proximate loss of 33 per cent. From these observations, as well as 
those on the life history, the following conclusions can be drawn: 
That the insects by sucking the plant juices really cause consider¬ 
able damage to the host plant; and they may become a menace 
to certain cultivated crops by their ability to migrate from one plant 
to another, and because, unless disturbed, they are so free from 
parasites and predators, they may greatly increase in number. 
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EXTERNAL ANATOMY. 

Apparently little work has been done on morphology within the 
family Cercopid®. In no case throughout the literature available 
for study has a thorough investigation of the structure of the entire 
body been made. One paper on the alimentary canal of a cercopid 
by Kershaw (1914), one on the respiratory system of a nymph of 
the Aphrophorin® by Sulc (1910), and one by Metcalf (1916) on the 
wing venation of Cercopid®, are the most extensive works to be 
found. Other brief references to the morphology of the Cercopid® 
were found in a number of articles dealing with the homologies of 
certain special parts of the body among the families of Homoptera, 
namely, Taylor (1918) on the thorax, Kershaw and Muir (1922) on 
the genitalia of both sexes, Crampton (1922) on the male genitalia, 
and Hansen (1890) on the appendages and spiracles. One other 
article on the structure of Aphrophora spumaria by J. O. Harper 
(Science Gossip, 1874) concludes the list, but is of little value 
morphologically. 

THE HEAD. 

The terminology used in the discussion of the head is based mainly 
on that of Comstock and Kochi (1902), Martlatt (1896), and Funk- ' 
houser (1917). 

The deposition of chitiri is fairly heavy and uniform throughout 
the exoskeleton of the head. Tn fact, both dorsal and ventral 
surfaces are hard and brittle making dissection very difficult with¬ 
out first boiling in KOH. 

A dense prostrate pubescence, consisting of thin, grayish hairs, 
covers the entire surface of the head. This gives the appearance of 
a grayish bloom, which partly conceals the coloration of the insect. 

The head of Lepyronia quadrangularis (Say) resembles the other 
Homoptera in most of the essential parts, although it resembles some 
more closely than others. Perhaps it is more nearly like the Cicad- 
id® and Cicadellid® when such points as the position of the head in 
relation to the body and the shape and comparative size of the 
sclerites are considered. The protruding, enlarged sclerite with its 
striated borders, commonly called the front, of Lepyronia instantly 
reminds one of the larger, homologous sclerite in the cicada. Like¬ 
wise the heads of both these insects lie in nearly the same plane as 
the body, which condition is seldom found in other Homoptera out¬ 
side of the Cicadellid®. In Lepyronia quadrangularis, however, a 
flattening of the head dorsoventrally has taken place, with the result 
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that the vertex and the front lie entirely on the dorsal surface and 
the remaining sclerites on the ventral surface. Thus the anterior 
margins of the front and vertex (pi. LV, fig. 1) have been pressed 
against the anterior margin of the clypeus, which together form 
the cephalic and lateral margins of the head, The head, as is shown 
in the figure, projects straight forward on a line with the body and 
the beak projects backward and lies between the coxae when at rest. 

In the literature the most commonly accepted homology of the 
sclerites of the head are as follows: On the ventral aspect the large 
protruding sclerite (pi. LVI, fig. 2) is called the front; the smaller 
sclerite attached to its posterior margin, the clypeus; and the 
smaller triangular sclerite fastened to the clypeus, the la brum. The 
entire dorsal portion of the head (pi. LVI, fig. 1) is usually desig¬ 
nated as the vertex, although it consists of two sclerites. The larger 
of these occupies most of the entire surface with the exception of the 
broad invagination in the cephalomedial region, into which a small 
subreetangular sclerite, the tvlus, is inserted. There seems to have 
been no attempt to homologize or account for the existence of the 
tylus, although it appears as a definite sclerite in the adult and is 
partially indicated in the later nymphal stages. 

Partly because of the lack of explanation with regard to the tvlus 
and partly because of the suggestion of other workers in other 
groups, an investigation with regard to a different homology of 
parts was attempted, Funkhouser (1917) states that the clypeus in 
the Membracidap is determined by the location of the anterior 
arms of the tentorium, which fully accords with the view of Com¬ 
stock and Kochi (1902), that the anterior arms of the tentorium 
arise as invaginations of the body wall between the clypeus and 
front. He also refers to Bentley's work (1900) on the Cicada , which 
was unpublished, wherein the latter shows that the large, protruding 
sclerite known as the frons is really the clypeus. Several other 
articles in support, of this theory have been found. Marlatt 
(1896) calls the sclerite in question (pi. LVI, fig. 2) the clypeus; 
likewise Smith (1892). Bugnion and Popoff (1911) state: “One 
of the characteristics of the clypeus is that it serves for insertion, 
with its deep face, of the anterior bundles of the dilator of the 
pharynx. A clypeus cleared in balsam shows in all Hemiptera the 
linear insertion of the striated membrane (of the pharynx) and the 
two sides of transverse lines which correspond to the insertion of 
muscles. Among some species ( Cicada ) the transverse lines are 
indeed seen from the exterior and give a particular appearance to 
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the sclerite. Without a doubt the clypeus of which they speak is 
the frons of other writers. 

According to these writers, then, a different nomenclature from 
the commonly accepted one for the sclerites of the head of the 
Cicada has been used. The same thing holds true for Lepyronia 
quadrangular^. Tin* sclerites on the ventral surface of head would 
be labeled clypeus, labrum and epipharynx (pi. LVI, fig. 2). In 
figure 1, the vertex remains the same* but the tylus would be termed 
the front. 

A study of the tentorium and the position of the ocelli bear out 
this homology for both the Cicada and Lepyronia. As was men¬ 
tioned above, Comstock and Kochi (1902) showed that the ends 
of the suture between the front and clypeus extend to the invagina¬ 
tion which forms the anterior arms of the tentorium. From this 
it follows necessarily that the position of the tentorium would un¬ 
doubtedly prove the identity of the front and clypeus in these in¬ 
sects. The tentorium (pi. LVI, fig. 3) is of practically the same 
shape in the Cicada and in Lepyronia. It consists of a slender 
transverse bar, which is the basal part or body of the tentorium, 
from which two long, slender, chitinous arms extend eephalad, and 
two short, posterior arms extend laterad. In the Cicada the basal 
portion is fairly narrow, not extending over one-third of the width 
of the occipital foramen; it occupies a central position in the head 
cavity. The anterior arms are by far the longest part of the 
tentorium and can easily be seem to run almost directly eephalad 
and slightly laterad to the point which marks the cephalolateral 
angle of the large protruding sclerite or clypeus. The tentorium 
in Lepyronia quadrangularis varies somewhat from that of the 
Cicada , but is essentially the saint*. In the eereopid the basal part 
of the tentorium is more extensive, in that it occupies about tw T o- 
thirds of the width of the occipital foramen. The anterior arms 
extend in much the same direction as the Cicada , but their extreme 
anterior portions have become somewhat modified, due, no doubt, 
to the peculiar compression of the head. At this point it would 
probably be clearer to follow the figure (pi. LVI, fig. 3). In this 
figure tin* head is in the exact position as in figure 1, with the ex¬ 
ception that the vertex has been removed in order to show the 
tentorium. The vertex appears to be very loosely attached to the 
tylus, for it can readily be lifted away. After the vertex has been 
removed the connection of the tylus and clypeus can easily be seen. 
The anterolateral corners of the clypeus are reflexed and the cephalic 
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margin of the reflexed corner has become strongly fused to the 
lateral margins of the tylus. It is not strange that with the peculiar 
arrangement of these sclerites, as well as the compression of the 
head on the anterior portion, that the tentorium lias assumed a 
peculiar position also. In the first place, the anterior portion of the 
forearm of the tentorium has become forked. The prongs arc 
blunt at the end and are of unequal length. The smaller one is at¬ 
tached to the skeleton of the head at a point about midway on the 
clypeus (fig. 3) and just back of the antennal pit. If the tentorium 
stopped here it would indeed be hard to identify the clypeus, since 
it is equally as far from either of the anterior margins of the two 
sclerites in question. Even in that case it would seem more plausible 
that it should have migrated backward due to the flattening of the 
head, already described, than that it should have migrated so far 
forward for no accountable reason. Fortunately, however, the other 
branch of the fork extends farther eephalad. It curves slightly 
mesad, following the free' margin of the reflexed clypeus, although 
not touching it. In fact, it extends as far forward as the corners of 
the clypeus at the point wdiere the latter is attached to the latero- 
posterior angle of the tylus. The tip of the branch appears to be 
attached by a membrane to the ental surface of the vertex. The 
significance of the position of the tentorium at this place in the 
attempt to locate the front and clypeus seems to be this: If the 
reflexed corners of the clypeus were bent back in their normal 
position and the front and vertex were laid out on the plane of the 
rest of the head sclerites, then the anterior arm of the tentorium 
would extend to the laterocephalic margin of the sclerite labeled 
clypeus in figure 3. The sclerites of the head from this view* could 
easily be designated in succession as the vertex, front, clypeus, 
labrum and epipharvnx without any intervening unexplained tylus. 

Another argument for such nomenclature is the position of the 
median ocellus and its relation to the frons. Referring again to 
Comstock and Kochi (1902), w r e find a statement to the effect that 
the frons, in the more generalized insects at least, bears the median 
ocellus. Funkhousor (1917) is of the opinion that in the Mem- 
braeidae the frons has disappeared and with it the median ocellus 
which it contained. While Crawford (1914), in his work with 
Psyllida\ states that in all cases where the frons is present it bears 
the anterior ocellus at its base or at the end nearest the vertex. 
In the Cicadidac the median ocellus is distinctly located on the 
dorsal surface of the head in the sclerite just above that which is 
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generally called the frons. In Lepyronia qmdrangularis there is 
of course no median ocellus present, but if it were present it seems 
highly improbable that it would be located on the ventral aspect 
of the head, so far removed from the other two ocelli. Its position 
would be more likely the normal one at about the place where the 
tylus is located. 

The compound eyes (pi. LVI, fig. 1) are large but not very dis¬ 
tinct on the dorsal aspect, due to the fact that their dorsal surfaces 
are level with the vertex, and the color of both is somewhat the 
same. They are oblong in shape, broader at the anterior end and 
narrower towards the posterior. They are located in the extreme 
caudolateral angles of the head. 

There are two ocelli (pi. LVI, fig. 1) present, located about mid¬ 
way between the front and the pronotum and about as far from each 
other as from the compound eyes. 

The antennae (pi. LV, fig. 2) are located on the ventral surface of 
the head in a hollow pit halfway between the eyes and the clypeus 
and slightly eephalad of the eyes. In general appearance they are 
small and inconspicuous, appearing to consist of a very short basal 
stump and a long, thin, hairlike part which extends some distance 
beyond the sides of the head. From specimens stained with cosin 
and mounted on slides, more details of structure could be observed. 
The basal segments, called collectively the shaft or peduncle, are 
three in number. The first of these is subcylindrical, about as wide 
as long, and is apparently the widest of the three. The second 
segment is likewise subcylindrical, but approximately twice as long 
as wide, with its basal end slightly narrowed and its broader distal 
end cup-shaped. The last of the segments of the peduncle is the 
shortest, oviform in shape, and fits into the concave end of the 
second segment by means of a little stalk. The flagellum or whip 
consists of many segments, the exact number of which it was diffi¬ 
cult to determine. After the first twenty-nine segments, extending 
two-thirds of the entire length, the segmentation becomes indistinct. 
In general these segments are cylindrical, but vary somewhat in 
shape, being longer than wide toward the tip of the filament and 
about equal in length and width at the base. The sense organs of 
the antennae are located at the base of the filament and at the tip of 
the third segment of the peduncle. They consist of a small group of 
sensory pits, averaging about eight in number, and generally located 
close to the apex and somewhat to one side of the segment. Appear¬ 
ing to rise from the tip of this segment are three short, conspicu¬ 
ous thick spines, which are also sensory in function. 
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The vertex (pL LVI, fig. 1), as has already been mentioned, 
makes up the largest area of the dorsal part of the head, trans¬ 
versely occupying all that part of the head between the compound 
eyes and longitudinally all the part between the occiput and tylus. 
In length and width it is about equal. In the anterior portion of 
the vertex is the subquadrate invagination into which the front is 
inserted. The suture between the front and vertex is very distinct 
and firm, but the parts of the vertex bounding the front laterally 
do not appear to be fastened to the latter, but only to fit down over 
the line of union of the front and the reflexed corners of the elypeus. 
The posterior margin of the vertex is broadly emarginate, into which 
the rounded margin of the prothorax fits snugly, while the lateral 
margins round to a blunt apex. 

The occiput (pi. LVI, fig. 1) is not visible until after the head has 
been removed from the body, since it occupies the central portion 
of 4he caudal surface of the head, or that part which lies against 
the cephalic surface of the pronotum. It is a single sclerite, forming 
the upper boundary of the occipital foramen and the posterior 
boundary of the vertex. Laterad the lower ends of the occiput fuse 
with the postgena*, so that the suture appears to stop at a point in 
a line with the inner margin of the eye. 

The postynur (pi. LVI, fig. 1) occupy the remainder of the caudal 
surface of the head. They are triangular in shape, with the sharply 
tapering apex extending between the vertex and occiput. The upper 
boundary of each postgena is formed partly by the lower margin of 
the eye and partly by that of the vertex. Its outer margin is the 
outer limit of the head and its lower end is fused with the occiput. 

The frons , or front (plate LVI, fig. 1), commonly spoken of as 
the tylus, as will be noted from the foregoing, is located on the 
dorsal surface of the head. It is subquadrangular in shape, about 
one-third the width of the vertex and about one-half its length. 

The clypem (pi. LVI, fig. 2) is located on the ventral surface of 
the head. Its position has been determined by the fact that the 
forearms of the tentorium extend to its laterocephalic angles. 

The clvpeus is enormously enlarged and protruding, subquad¬ 
rangular in shape, widest in the middle and narrower toward each 
end. In size it extends practically two-thirds the length of the head 
and over one-half its width. On each lateral margin is a row of 
parallel grooves separated from each other by a plain, wide, cliitin- 
ous band. These are lighter than the surrounding parts and there¬ 
fore stand out clearly. The peculiar reflexed condition of the 
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anterior corners and their connection to the front have already been 
described under the discussion of the tentorium. 

The labnm (pi. LVI, fig. 2) is a flask-shaped sclerite with its 
broad end attached to the clypeus and its apex truncated. In 
length it is half the size of the clypeus and in width equal to the 
width of the clypeus in the neighborhood of the clypeal suture, but 
narrows down to half the width at its distal end. The suture be¬ 
tween the clypeus and the labrum is indistinct along the median 
line, but is plainly indicated at the sides. The labrum is heavily 
chitinized and appears to be quite rigid. 

Attached to the caudal end of the labrum and lying on top of the 
base of the stylets is a small triangular selerite. This is the cp?- 
phanjnx (pi. LVI, fig. 2). It is very thin and lightly chitinized, for 
which reason it is not readily seen. 

The yenm (pi. LVI, fig. 2) occupy most of the lateral parts on 
the ventral aspect of the head. They are irregular in shape with 
their lateral margins following the contour of the compound eyes 
and their median margin touching the* clypeus and the maxillary 
sclerite. Caudad they form the outer margin or boundary of the 
head, which also is the suture' between the gense and postgena\ 

The occipital foramen (pi. LVI, fig. 1) is the opening visible 
from the caudal aspect of the head. It is bounded dorsad by the 
occiput and laterally by the postgenae and mandibular sclerites. 

The rostrum (pi. LVI, figs. 1 and 2), or beak, is composed of the 
labium and two pair of stylets, which are modified maxillae and 
mandibles. The labium is composed of three segments. The basal 
segment is the shortest of the three and cylindrical in shape. The 
second segment is the longest, being about three times the length 
of the first and twice the length of the distal segment. The last 
segment is rounded at the tip, its margins seemingly more com¬ 
pletely folding around the stylets. The beak is straight and ex¬ 
tends backward between the middle coxae for half their length. The 
labium is connected by a membrane to both the head and sternum 
of the prothorax, its point of attachment being just above the tip 
of the labium. The attachment to the head seems to be the weaker 
of the two, for wh&n the prothorax is detached from the head the 
labium usually comes off with it. There is a groove along the ven¬ 
tral surface of the labium, in which repose the maxillae and man¬ 
dibles. 

The mandibles and maxillm, as in other Homoptera, are setiform 
or bristlelike. The mandible is connected to the head by a slender, 
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chitinous rod at a point where the caudal comers of postgenae are 
joined to the mandibular sclerite. The maxilla is fastened to the 
anterior corner of the maxillary sclerite, which places it cephalad 
of the mandible. Funkhouser (1917) states that in the Membracidse 
they are attached to the vertex, which differs from the condition 
found in most other insects, where they are attached to the post- 
genae. In Lepyronia quadrant] u laris neither of these conditions 
occurs, but the close approximation of the mandibular sclerite to the 
postgena may be significant. 

In order to study the structure of the tips of the mandible and 
maxilla it was necessary to study them under high magnification. 
Both stylets are cylindrical in shape, tapering toward a blunt point 
and with their hidden bases broadening into flat plates. The outer 
margin of the distal third of the mandible is finely notched, while 
the outer apical part only of the maxilla is modified into five dis¬ 
tinct, rounded teeth (pi. LVI, fig. 4). The maxillae appear to be 
equal to the labium in length, but the mandibles are slightly longer, 
so that their tips protrude a short distance beyond the tip of the 
labium. 

The four stylets are closely associated, converging at the place 
where the labium is attached to the head. Here the mandibles be¬ 
come joined together by their inner margins, forming a shallow 
sheath in which the maxilla* lie. The maxilhe are also united, prob¬ 
ably forming a tube, as in the Cicada (Snodgrass, 1921), through 
which the sap is sucked up into the pharynx. The maxilhe of 
Lepyronia , however, do not appear to be so firmly joined as in the 
Cicada } for their tips often spread apart, until from a superficial 
view , they appear to be on the outside of the mandibles. 

The maxillary sclerites (pi. LVI, fig. 2) are the large semicircular 
sclerites on the ventral aspect of the head, bounded laterad by the 
genie, eaudad by the mandibular sclerites, and mesad by the clvpeus 
and labrum. The cephalic tip* of each maxillary sclerite is con¬ 
nected to the maxilla by a slender, chitinized branch of the latter. 
These sclerites are homologous to the lorae of the Cicadellidae. Snod¬ 
grass (1921) considers them as definite sclerites, but attaches no 
name to them. 

The mandibular sclerite (pi. LVI, figs. 1, 2) extends from the 
caudal angle of the geme and postgense to the base of the labium. 
Each sclerite is elongate, narrow 7 at the base, but widening in the 
middle to a flangelike projection and tapering to a tonguelike apex 
which partially folds around the base of the stylets. The interior 
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surface of this fiangelike part forms a pocket or fold, called by 
Martlatt (1895) a pseudo-sheath, which receives and partially pro¬ 
tects the mandible. It is connected to the mandible, as in the 
maxilla, by a chitinous arm of the stylet. It may be possible that 
the mandibular selerite is comparable to the sclerite found in lower 
orders of insects, which is termed the trochantin of the mandible by 
Comstock and Kochi (1902) or the basimandibulw by Crampton 
(1921). 

THE THORAX. 

The prothorax, as is shown in (pi. LVI, fig. 6) is weakly attached 
to the mesothorax, but is closely associated with the head, since it 
invariably comes off with the head when the latter is removed from 
the body. The mesothorax and metathorax, however, are firmly 
joined and the sclerites somewhat overlap on the dorsal surface, 
making identification of the sclerites rather difficult. 

There is no evidence of cervical inter segment alia in Lepyronia, or 
of any structures which might suggest them. The cephalic surface 
of the prothorax appears to fit directly against the caudal surface of 
the head without any intervening structures which might be termed 
these sclerites. 

THE PROTHORAX, 

The noturn (pi. LVII, fig. 1) of the prothorax is a large, flat 
sclerite occupying the entire dorsal surface of this segment. It is 
twice as long as wide and has its short, lateral margins nearly paral¬ 
lel. The anterior margin is broadly rounded. The posterior margin 
is deeply emarginate on the produced middle third. The edges of the 
notum are greatly deflexed so that they unite with the pleuron on 
the ventral surface. 

From a cephalic aspect of the pronotum (pi. LVII, fig. 5) can be 
seen a narrow sclerite, which probably corresponds to the sclerite in 
the Cicada termed by Taylor (1918) the pretergite. Mesad this 
sclerite is very narrow, but laterally it widens out to four or five 
times its median width. It lies at right angles to the notum and is 
connected to the pleuron by a tapering projection. The pretergite 
is not as heavily chitinized as the notum and pleuron. 

The pleuron (pi. LVII, fig. 3), of the prothorax is closely joined 
to the deflexed part of the notum without a distinct line of connec¬ 
tion. It is divided longitudinally by a very indistinct pleural suture 
into two sclerites, the epimeron and epistemum . The epistemum , 
the anterior of the two, is roughly rectangular in shape and about 
twice as long as wide. The epimeron is slightly larger than the 
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episternum, more irregular in shape and extends dorsad into a 
tapering point. The episternum is connected to the sternum by a 
narrow precoxale bridge (pi. LVII, fig. 4), called the precoxale by 
Taylor (1918). It is fused to the ventroentad surface of the epi¬ 
sternum and it is not distinctly separated from the sternum. The 
epimeron is connected in much the same manner by a postcoxale 
bridge (pi. LVII, fig. 4) which, however, runs to the laterodorsal 
angle of the epimeron instead of the ventral. 

The sternum (pi. LVII, figs. 4 and 5) of the prothorax is small 
and about equal in length and width. It consists of a single sclerite, 
which is folded and curved in such a manner that it is difficult to 
describe its exact shape. 

The anterior margin of the sternum is bent back against the 
caudal surface of the sclerite (pi. LVII, fig. 4), so that in an un¬ 
cleared specimen it appears as a chitinous ridge or distinct sclerite. 
In the drawing of the cephalic aspect this has been straightened out 
into a natural position. The lateral margins of the sternum (pi. 
LVII, fig. 5) curve cophalad, thus forming a semicvlindrical cavity 
into which the membrane connecting the labium with the sternum is 
fastened. During the process of sucking the sap the labium is 
probably drawn up into this trough in order to not interfere with 
the action of the stylets. The anterolateral angles of the sternum 
bear the furca (Taylor, 1918), which are the processes for the at¬ 
tachment of muscles. 

The trochantin (pi. LVII, fig. 5) is a small but very distinct knob¬ 
like sclerite just below the ventral end of the episternum. 

THE MESOTHORAX. 

The mesothorax (pi. LVII, figs. 7 and 8) is closely connected with 
the metathorax, the latter being partially covered both on its dorsal 
and ventral surfaces by overlapping parts of the mesothorax. The 
mesothorax, likewise, is covered by the pronotura with the exception 
of the seutellum, the anterior margin of which follows the deeply 
incised posterior margin of the pronotum. The membranous ster- 
nellum of the mesothorax is fused with the presternum of the 
metathorax so that it is difficult to differentiate the two. 

The mesonotum (pi. LVII, fig. 7) is divided into four distinct 
areas or sclerites. The first of these is the prescutum, which occu¬ 
pies the anteromesal portion and is bounded laterad by tw r o longi¬ 
tudinal sutures which curve mesad for a short distance, thus 
indicating the caudal boundary of the sclerite. The prescutum 
is heavily ehitinized in spite of the fact that it is entirely covered 
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by the pronotum. On its anterior margin it bears the anterior 
phragma (pi. LVII, fig. 7), a semimembranous, bilobed, narrow 
structure which is connected to the pronotum by a membrane. 

The scutum (pi. LVII, fig. 7) of the mesothorax is an irregular 
sclerite, occupying the entire lateral regions of the notum. It ap¬ 
pears to consist of two selerites, since the anterior point of the 
scutellum almost reaches the caudal boundary of the prescutum. 
At its laterocaudal angles the scutum is deeply incised to allow for 
the wing processes. 

The scutellum (pi. LVII, fig. 7) is composed of a large shield¬ 
shaped piece, which is visible externally and two narrow lateral 
portions which connect with the anal margins of the wing and are 
not visible externally. The large median part is separated from 
each lateral part by a narrow groove into which the deflexed claval 
portion of the wing fits. 

There are several small sclerites to be found connecting the base 
of the wing with that of the notum. On the anterolateral corner of 
the scutum is a small piece, called by Taylor (1918) the suralarc. 
It is marked by a cleft which extends forward. As in the Cicada , 
another cleft extending backward marks off a similar piece. Just in 
front of the incision made by these clefts is a small triangular, free 
plate, the notopterale. Caudad of this plate, imbedded in the mem¬ 
brane, is a larger, subrectangular plate called the adanal pteralc . 
There is no indication of the presence of the tcgula, which agrees 
with the conclusion of Taylor that the tegula is not present in the 
families of Homoptera outside of the Fulgoridse and Oieadida\ 

Cephalad of the wing the notum is connected to the pleuron by a 
narrow prealare bridge (pi. LVII, fig. 7). The postscutellum is con¬ 
nected to the epimeron by a similar postalare bridge (pi. LVII, 
fig. 6). 

The postscutellum is a narrow sclerite, entirely hidden by the 
scutellum and is membranous in structure. 

The pleuron (pi. LVII, fig. 6) is somewhat more complicated than 
that of the prothorax. The pleuron, in fact, forms a major part of 
the ventral body waJJ, so that the shape of the episternum and epi¬ 
meron can best be seen from a ventral view (pi. LVII, fig. 10.) The 
pleural suture (pi. LVTI, fig. 6), is quite distinct, consisting of an 
almost straight line extending from the base of the prealare bridge 
to the base of the coxae. 

The episternum (pi. LVII, fig. 10) is a single sclerite, which is not 
divided into an anepisternum and katepistemum unless a diagonal 
elevated ridge is an indication of this division. The episternum 
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is irregular in shape, about as wide as long, and approximately 
equal to the length of the sternum. It is separated from the sternum 
by a distinct transverse suture. There is no precoxale bridge. 

The epimeron (pi. LVII, fig. 10) is an elongate sclerite extending 
the entire length of the mesothorax. It is widest just behind the 
middle when viewed ventrally, and bears the postalare bridge, 
connecting it with the postscutellum just cephalad of its broadest 
point. The epimeron is partly divided longitudinally by a suture 
which runs parallel to the pleural suture, but which extends for only 
half its length. Like the episternum, it is fused to the sternum, 
being separated by the pleural suture. 

The sternum (pi. LVII, fig. 10) of the mesothorax is composed of 
three sclerites—the presternum, the sternum proper, and the 
sternellum. The anterior one is the presternum (pi. LVII, fig. 10), 
which is a narrow collarlike sclerite, bounded laterad by the 
cpisterna and caudad by the sternum itself. It is slightly less 
chitinized than the sternum, especially towards its lateral margins. 
Along its anteromedian margin is a broad indentation into which 
the troughlike sternum of the prothorax is inserted. 

The sternum (pi. LVII, fig. 10) is the major sclerite of the ventral 
part of the mesothorax. It is a bilobed sclerite, each lobe being 
somewhat inflated. They are separated from each other by a heavy, 
dark median line which resembles a suture. Just before this line 
reaches the caudal margin of the sternum it extends laterad as a 
short deft which marks off a little flap on each lobe. The sternum 
is heavily chitinized and very dark colored. It is closely associated 
with the pleural sclerites. as was mentioned above, but is separated 
from both by very distinct and heavy sutures. 

The sternellum (pi. LVII, fig. 10) is a partly membranous, partly 
chitinous sclerite, lying directly caudad of the sternum. It is a 
rather ill-defined region, somewhat semicircular, with its caudal, 
convex margin joined to the concave cephalic margin of the pre- 
sternum of the metatliorax. The chitin is deposited along the 
middle line of this sclerite as a broad, longitudinal band which sends 
out two lateral arms at its cephalic end which are entirely hidden 
by the overlapping sternum, and two lateral arms at its caudal 
end. The part of the sternellum which is chitinized is not very 
heavy, due to the fact that the large coxae entirely cover it. 

The trochantin (pi. LVII, fig. 10) is a very small but distinct 
sclerite, located between the laterocaudal angle of the sternum and 
the laterocephalic angle of the coxa. 
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THE METATHORAX. 

The connection of the metathorax to the mesothorax has already 
been noted. It is weakly joined to the abdomen, not only because 
it is connected to the abdomen by a membrane, but also because 
the first segment of the latter is partly membranous itself. It is 
similar to the mesothorax in general make-up, especially in the 
number of sclerites. 

The notum (pi LVII, fig. 9), as in the mesothorax, is composed 
of four sclerite*—the prescutum, scutum, scutellum, and post- 
scutellum. The prescutum is peculiar in that it is entirely internal, 
extending directly into the body cavity and lying at right angles 
to the scutum. It is a very large, bilobed sclerite, heavily chitinized, 
and is used for attachment of large bundles of muscles. 

The scutum is the large, heavily chitinized sclerite* found on the 
dorsal surface of this segment. It is rectangular in shape and its 
width is one and one-half times its length. Along its median line 
is a heavy, black line which is the external indication of an infolding 
of chitm, which also serves for muscle attachment. 

The scutellum of the metathorax is much reduced, consisting of 
a small, median portion, which is produced laterad into a narrow 
band. The latter is directly connected with the anal margin of the 
wing. 

The postscutellum is a flat chitinous sclerite, which is extremely 
narrow mesad, but which expands laterad into two tapering side 
processes. The cephalic margin of the postscutellum is attached 
to the anterior margin of the scutellum, which is the suture sep¬ 
arating the scutum from the scutellum.* The diagonal, lateral angle 
of the postscutellum is directly attached to the margin of the 
epimeron and no postalare is present, as in the Cicada. 

The pleuron (pi. LVII, fig. 8) is very well developed, being by 
far the largest part of the metathorax. It not only occupies all the 
pleural regions, but extends into the dorsal and ventral regions and 
forms a major part of the metathorax. 

A distinct pleural suture extends the entire length of the pleuron. 

The episternum is *an undivided sclerite, although on its caudal 
end is the beginning of a suture which runs parallel to the pleural 
suture. The episternum is the largest of the pleural sderites, 
occupying the ventral half of the pleuron, the lateral third of the 
venter, and the laterocephalic angle of the dorsum, where it curves 
around the wing process. 
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-The epimeron is likewise a large sclerite, but it is found chiefly 
on the lateral and dorsal parts of the segment. It occupies the 
dorsal half of the pleuron and lateral part of the dorsum, where 
mesad it touches the lateral margins of the scutum and postscutel- 
lum (pi. LVII, fig. 9). The lateral extensions of the metascutellum, 
which are joined to the axillary cord of the wing, lie on top of the 
epimeron. From a lateral view (pi. LVII, fig. 8) the indentation 
made by the wing process can easily be seen. Ventrally the epi¬ 
meron shows as a plate forming the caudal boundary of the epister- 
num. A suture divides the sderite into an upper and lower portion. 
A flaplike process is present in the lower epimeron of Lepyronia, 
which is probably similar to that found by Taylor (1918) in an 
Aphrophora . 

The sternum (pi. LVII, fig. 11) is small when compared to the 
sternum of the mesotborax. The presternum of this segment is 
partly membranous, with a weak deposition of chitin in its median 
and caudal portions. It is roughly crescentic in shape. 

The sternum is entirely membranous and is divided into two dis¬ 
tinct halves by a very narrow, chitinous band, which appears to be 
a caudal extension of the chitinous part of the presternum. 

The sternellum appears to be a narrow, chitinous rod extending 
between the epimera, with which it appears to be fused. It is 
located beneath the posterior coxae, and for this reason is more 
easily seen from a dorsal view than from a ventral view (pi. LVI, 
fig. 7). 

The trochantin is a knoblike structure terminating the caudal 
end of the pleuron. It is termed by Taylor (1918) the meron, or at 
least he assigns this term to a similar structure in an Aphrophora , 
but does not account for a trochantin. 

THE WINGS. 

The foreuring (pi, LVIIl, fig. 4) of Lepyronia is thick, opaque 
and rather tough. Its entire surface is broken up into fine reticula¬ 
tions and is covered by a grayish pubescence, similar to that of the 
head. These conditions, together with the even coloring of the 
wing, entirely obscure the venation in uncleared specimens. It wa« 
only in half-bleached specimens that the veins could be traced at 
all. The venation of both wings here studied was found to be 
almost identical with the venation of the same species as described 
by Metcalf (1917). 

Costa is a single, unbranched vein which forms the costal border. 
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Subcosta is so closely related to radius, at least distally, that* it 
only appears as a definite vein along the center of its course, where 
it is widely separated from radius and thus forms an elongate, oval 
cell. Radius has three branches, which are and R 2 + 8 and R 4 + 5 . 
Media is unbranched and is closely connected with cubitus, at least 
at its base. Cubitus is two-branched. There are three anal veins 
present, the first one of which is united with cubitus 2 on the 
margin of the wing. 

In the hindwing the veins show up very plainly, being brown in 
color and quite thick, while the cells of the wing are membranous. 
Radius is two-branched, the branches being R 2 4 s and R 4 + 5 . Media 
is unbranched and cubitus is two-branched. Three anal veins are 
likewise present in this wing, the first one being closely connected 
with cubitus basally, while the third one is branched. 

Part of the anterior margin of the posterior wing is produced into 
a triangular projection whose outer margin bears from four to six 
stout spines or hooks. Also on the ental surface of the tegmina 
just in front of subcosta is a little elevated keel. According to 
Hansen (1890) these hooks and keel are complementary structures 
and contribute to the steadiness of the wings. 

THE LEGS. 

The three pairs of legs have a general similarity with respect to 
position on the body, development, relative size, and number of 
segments. When in action the front legs usually point forward and 
the two last pairs point backward (pi. LV, fig. 1), but when at rest 
they are drawn up under the sloping tegmina (pi. LV, fig. 4) so that 
they are invisible from above. The hind pair is the longest and 
the other two are about equal in length. All are well developed 
as a result of their jumping habit. The number of segments is the 
same in each, consisting of coxa, trochanter, femur, tibia and a 
three-segmented tarsus. They are blackish brown in color, espe¬ 
cially the proximal segments, but gradually grow lighter toward 
the distal ones. All three pairs are covered by a fine pubescence. 

The com (pi. LVJII, fig. 3) of the front leg is stout and thick ip 
comparison with the other segments of the leg, but it is not as large 
as the coxae of the other two pairs. It is smooth and about equal 
in length and width. It is almost cylindrical in shape, although 
its proximal end broadens out transversely and thus gives the effect 
of a flattened plate. The two anterior coxae are separated from each 
other by the width of the beak, which fits down between them. 
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The trochanter is a small elbow-shaped piece which is attached to 
the ventromesal angle of the coxa. It is slightly constricted at its 
cephalic end and is about one-fourth the size of the coxa. 

The femur is a cylindrical-shaped segment which is somewhat 
swollen at the proximal end, but gradually becomes narrow distad. 
It is the stoutest of the leg segments outside of the coxa. The 
trochanter is attached to its niediocophalie angle by a diagonal line 
of connection. Its distal end bears a small groove into which the 
tibia is inserted, while the lateral margins of the groove' expand 
into a platelike structure on either side of the tibia for the purpose 
of strengthening the joint. 

The tibia resembles the femur in general shape. It is cylindrical, 
smooth, and approximately the same length as the femur, but its 
width is only half that of the femur. The proximal end, which 
fits into the grove of the femur, is elbowed. There are no spines on 
the front tibia. 

The tarsus is three-segmented. The first two segments are about 
equal in length, triangular in shape and larger ventrally than dor- 
sally. 

The tarsus is terminated by two equal, heavily ehitinized claws 
(pi. LV11I, tigs. 6 and 9). The elaws are broad at the base and 
gradually taper to an obtuse blunt point. The pulvillus or em- 
podium, according to Hansen (1S90), is very conspicuous and 
greatly extended. On its dorsal surface* it bears a large, bilobed. 
ehitinous plate, and just below this a bristle (pi. LYIII, lig. ()). 
On the ventral side (pi. LVIII. tig. are two narrow, longitudinal 
bands which run parallel to the margins of the claws. These bands 
and part of the claws appear to be attached to the third segment of 
the tarsus by a lightly ehitinized band or stalk. 

The middle legs (pi LVIII, fig. 2} are attached directly to the 
sternum by the broad, transverse margins of the coxa?. The trochan- 
tin of the rnesothorax is much smaller than that of the prothorax and 
is situated on the extreme laterocephalic angle of the coxa just above 
the meracanthus. The median leg, in most respects, is similar to 
the fore leg, being almost identical in size and shape of segments 
with the exception of the coxa*. The latter are somewhat larger 
than the anterior coxa? and their median margins are almost con¬ 
tiguous. They have on their lateral margins a large, flattened 
process or meracanthus which is not found on the other four leg'*. 

The posterior cqxcb (pi. LVIII, fig. 8) are more broadly attached 
to the body than even the intermediate coxae are, since they extend 
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across the entire width of the sternum. The sternellum tod the first 
segment of the abdomen is completely hidden by them, and part of 
the second and third segments of the latter are also covered/ They 
are contiguous along their inner margins, which fact, together w r ith 
their broad, basal attachment, gives them the appearance of great 
rigidity. In shape they are roughly rectangular with their latero- 
cephalic angle somewhat extended. 

The trochanter of the hind leg is similar to those of the first two 
pairs of legs, in that it is an elbow-shaped segment and of the same 
size as the others. 

The femur is a smooth, cylindrical-shaped segment, diagonally 
attached to the trochanter. On its proximal lateroventral margin is 
an oblique protuberance (pi. LVIII, fig. 7), which, according to 
Hansen (1890), occurs in all Cercopida*, but in no other Homoptera. 
The knee joint is strengthened, as in the two anterior pairs of legs, 
by the groove and side plates of the femur, which are very prominent 
and show plainly in figures 7 and 8 (pi, LVIII). 

The tibia of the hind leg is greatly lengthened. Basally it is quite 
narrow, but broadens to twice its width distad. Along its outer 
margin it bears two large, thick spurs, which are of taxonomic im¬ 
portance in distinguishing the family. The second of these is ap¬ 
proximately twice the size of the first in both length and thickness. 
The distal end of the tibia bears two rows of thick, sharply pointed 
spines. The average number of spines, after counting twenty speci¬ 
mens, was seven on the top row and eight on the lower. These spines 
are shiny black at the tip and from between each two of them arises 
a long, silken hair which is twice the length of the spines. 

The tarsus is composed of three segments, the first two of which 
are similar in shape to the tibia, being narrow at the base and 
spatulate at the tip. They also bear a row of spines on their distal 
ends, which are like those of the tibia in shape and color but which 
are only half as large. The average number of spines on the first 
segment is seven, and on the second, nine to eleven. The distal 
segment of the tarsus is swollen but not spatulate. 

THE ABDOMEN. 

The number of segments in both the male and female abdomens 
is eleven plus a telson. From a dorsal and lateral view the abdomen 
is not visible, since the sloping tegmina completely hide it. It can, 
of course, be easily seen from a ventral view, but owing to the en* 
larged hind legs, especially the cox®, and the fact that its segments 
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are more or less telescoped, few details of structure can be made out 
without first removing the legs. Its color is like that of the rest of 
the body, and is uniform throughout with the exception of the 
sutures, which are somewhat lighter in color, indicating their mem¬ 
branous nature. The abdomen is very wide at its base, but tapers 
to a pointed apex, due to the fact that the segments decrease in 
«4*e from front to rear. Each segment overlaps the following one, 
which produces a telescopic effect. The segments are divided into 
three general regions—tergum, pleuron, and sternum. The tergum 
occupies all the dorsal region, while the pleuron and sternum are to 
be found on the ventral surface. 

The ventral, dorsal and lateral views of the male abdomen are 
shown on plate LIX, figs. 1, 2 and 3. The first segment was diffi¬ 
cult to find, owing to its irregularity of shape and its half-mem¬ 
branous structure. The tergum is partly membranous and partly 
chitinized, although the chitin is very weak even where it is present 
Along its cephalic margin is a transverse, chitinous band, which 
mesad is very narrow but which is broadly expanded laterad. This 
anterior band is separated from a similar posterior, chitinous band 
by a strip of membrane. The first tergum appears to be attached 
to the postscutellum by a membrane. 

The pleuron (pi. LIX, fig. 2) of the first segment is greatly re¬ 
duced and occupies a peculiar position on the abdomen. It is a 
small, triangular, heavily chitinized plate lying on the laterocaudal 
angles of the tergum. This is the only pleuron visible from the 
dorsal view of the abdomen, but is easily recognized as such by the 
distinct spiracle located near its upper margin. 

The sternum is also greatly modified. Its anterior margin is pro¬ 
duced into a flaplike structure which bends forward on the re¬ 
mainder of the segment, due to pressure from the thorax (dotted line. 
pL LIX, fig. 3). The lateral parts of the first sternum are mem¬ 
branous and deeply depressed where the chitinous angles of the 
thorax fit down against it. 

The tergum of the second segment is entirely chitinous, not ex¬ 
tending across the entire dorsal surface of the abdomen, but with 
its lateral, rounded margins extending cephalad and bounded by 
the cephalad-projecting corner of the third tergum. 

The pleuron (pi. LIX, fig. 1) of the second segment is of the same 
shape as the pleuron of the first, but is somewhat smaller. The 
relation of the two can be seen from a lateral view (pi. LIX, fig. 3). 
The two bases of the triangles adjoin each other, while the apices 
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extend dorsad and ventrad, respectively. The spiracle of this 
pleuron is difficult to locate, since it lies near the mesal margin of 
the pleuron and is visible only from a ventral view of the abdomen. 

The .sternum of the second segment is an elongate, narrow, chiti- 
nous band which tapers laterad to a fine point. Superficially this is 
taken as the first sternite, since the latter, because of its membran¬ 
ous condition, usually is pulled off with the thorax when it is re¬ 
moved. 

The third to eighth segments are practically all alike, being ring¬ 
like, in form and differing only in size. The terga are heavily chiti- 
nized and occupy the entire dorsal surface. The pleura are roughly 
rectangular, somewhat inflated, and with both lateral and median 
angles slightly rounding. The pleura are wider than either the 
sterna or terga. The sterna are elongate, rectangular plates forming 
the real ventral w r all of the abdomen. 

The pygofer or gonomere is the modified ninth tergite, which is a 
rounded, bulblike structure, bearing on its dorsal surface the anal 
tube. The ninth sternite forms the plate beneath the genital ap¬ 
paratus, and is called by Crampton (1922) the hypandrium (pi. 
LTX, fig. 1). These make the ninth segment a very prominent seg¬ 
ment of the abdomen. 

The anal tube (pi. LIX, fig. 2), as was stated above, is situated 
on the dorsal surface of the abdomen, apparently fitting into a cir¬ 
cular depression and connected to the pygofer by a membrane. It 
is composed of two segments, which represent the tenth and 
eleventh abdominal rings or uromeres. The tenth uromere is by far 
the larger and is termed by Crampton the proetiger. The eleventh 
segment bears the telson, which is triangular in shape and is divided 
in the middle into two distinct halves by the anus. 

The female abdomen (pi. IJX, figs. 4, 5, and 6) is similar to that 
of the male in most details. The first tergum is both membranous 
and chitinous, but differs from the male in that there is only a 
single, irregular band of chitin along its cephalic margin instead of 
two. The first sternum and pleuron are much the same as in the 
male. 

The second to seventh segments of the female show little difference 
from those of the male. The eighth sternum, however, has been 
slightly modified to admit the ovipositor. It is divided into two 
distinct halves by the bases of the ovipositor valves, which extend 
cephalad until they reach the caudal margin of the seventh sternum. 
Each plate of this sternum is an inverted right-angled triangle, 
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with its caudal margin somewhat curving. The eighth pleura and 
tergum appear quite normal. 

The ninth segment, or pygofer, is greatly enlarged and inflated, 
even more so than in the male. The anal tube is borne on its dorsal 
surface, but occupies a more caudal position than in the male. For 
this reason the pygofer is more bulblike, extending around on the 
ventral surface, and thus making up a large share of the posterior 
end of the female abdomen. Its median margins do not meet on the 
ventral surface, since the valves of the ovipositor extend between 
them. There appears to be no ninth pleuron externally, as its 
position is occupied by the tergum, but a remnant of the ninth 
sternum (pi. LIX, fig. 6) is to be seen, forming the two slender basal 
parts of the dorsal valves of the ovipositor. 

The anal tube , as in the male, consists of the tenth and eleventh 
segments plus the triangular telson, and is attached to the posterior 
region of the pygofer by a membrane which fits into a circular 
opening. The eleventh segment is greatly reduced, however, being 
about one-eighth as long as the same segment of the male. 

THE MALE GENITALIA. 

From an external view of the abdomen part of the so-called 
“internal genitalia,” as well as the “external genitalia,” arc visible. 
The organs usually included as “internal genitalia” are the paired 
styles, the cedagus and the connective*. The parts which are exposed 
are the apical two-thirds of the stylos. These are plainly visible on 
the dorsal surface of the abdomen and have no protective covering 
of any sort. 

The basal parts of the styles, the connective, and the cedagus an* 
situated in a genital or terminal chamber formed by the pygofer 
and anal tube. Since this chamber is really not closed, but is open 
beneath the anal tube, these parts are not really internal, but are 
only designated as such for convenience. 

There is no indication of the presence of the diaphragm, which 
Gifford (1922) found to be present in the genital chamber of the 
Delphacida\ In fact, the entire genital chamber of these insects 
varies considerably from that of Lepyronia. 

The genital plates (pi. LIX, fig. 1) are two valvelike processes 
on the ventral surface of the abdomen. They have been given vari¬ 
ous names, such as hypovalv®, ventral plates, and genital plates. 
They are large, prominent flat plates, occupying most of the apical 
end of the abdomen, and are broad at the base but taper to a pointed 
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apex. These plates, as is shown from nymphal development, arise 
from a genital area on the ninth segment. They are indistinctly 
fused with the eaudovcntral margin of the pygofer or with the area 
termed by Crampton (1922) the hypandrium . The lateral margins 
of the hypandrium are indistinguishably united with the lateral 
margins of the pygofer. The plates are separated along their mesal 
lines by a long deft which extends nearly to the eighth stemite. 

The styles (pi. LXI, figs. 7 and 8) have been given various names, 
such as gonistyli, daspers, or genital styli. They are very irregular 
in shape. At their cephalic end they taper to a very slender point, 
while their caudal end is truncate. The widest part of the style is 
at the point of attachment to the connective. Just cephalad and 
caudad of this point it is constricted, but it broadens out again 
caudad of the latter constriction into a second enlarged part. At 
this particular point on the dorsal surface of each clasper arises a 
prominent hook, the tip of which extends in a ccphalomesal direc¬ 
tion. From a lateral view of the genitalia (pi. LXI, fig. 5) the 
nature of the relation of this hook to the style can best be seen. 
Just distad of each hook is a slight notch in the dasper. The apex 
of the organ bends inesad in a distinct curve. The styli are con¬ 
nected to the ventral wall of the pygofer at about the laterocephalic 
angles of the hypandrium, and they extend directly caudad. They 
are fastened to the connective only at its extreme lateral tip by a 
very narrow band of membrane, although the connection would seem 
to be much greater, since from a ventral view of the organs the con¬ 
nective covers a large part of the daspers on each side. The union 
of the two can be seen from a ventral and lateral view of the 
genitalia. The styli are fairly well chitinized, but not enough to 
keep them from being flexible. Their function is that of clasping 
or interlocking during copulation. 

The connective (pi. LXI, figs. 7 and 8) is a flat chitinous plate, 
roughly triangular in shape, which extends between the two daspers 
and is attached to the latter at about the base of their anterior third. 
The lateral margins are produced into a slender recurved hook which 
extends cephalad and whose inner margin is attached to the styli. 
The bload basal part of the connective is chitinized, but the apical 
region is entirely membranous. Bordering (his membrane on the 
sides are two slender, ehitinous rods which extend caudad, where 
their tapering points are attached to the ventral surface of the base 
of the oedagus. It has been suggested by Doctor Lawson that the 
connective may possibly represent the tenth sternite, since its origin 
has not otherwise been accounted for. 



Dossing : Lbpybonia quadbangularis. 


561 


The wdagm (pi. LXI, figs. 7 and 8) is a terra applied to the 
structure containing the penis. It has been called by other writers 
the penis sheath, or merely the penis. It too arises from a genital 
area on the ninth segment. In texture the cedagus is quite heavily 
chitinized and is very smooth and shiny. Basally the cedagus is 
club-shaped, flattened dorsoventrally, and gradually narrowing to a 
long, slender, chitinous tube which extends cephalad to a point 
beyond the anterior tips of the styles. Its apex is broadened into a 
flat plate, whose laterocaudal angles bear two longer, slender, taper¬ 
ing hooks, the penis hooks, which extend directly caudad. 

From the center of the broad plate there appears to arise a 
slender, membranous tube, which also projects caudad, parallel with 
the penis hooks. At the apex of the tube is a circular opening or 
gonopore. There is also another circular opening at the base of the 
cedagus, which is probably the opening of the ejaculatory duct. 
The flat apical part of the cedagus lies directly beneath the proctiger 
or tenth uromere. The latter has on its lateral margins a small 
hooklike structure (pi. LIX, fig. 2) which seems to fit down around 
the o'dagus and which may correspond to the surgonopods of 
Orampton (1922). The cedagus is protective in function, since it 
serves to protect the delicate penis. 

THE FEMALE GENITALIA. 

On the female the genitalia consist of three pairs of appendages, 
which collectively are often spoken of as the ovipositor. More 
properly speaking, however, the ovipositor is made up of only two 
pairs of valves, the ventral and dorsal, and the lateral pair form a 
sheath around them. The eighth sternum of the abdomen, as was 
noted above, is divided into two distinct plates by the processes of 
the ovipositor, while the ninth stemite is represented by two small 
rectangular sclerites to which the lateral valves of the ovipositor are 
attached. 

The lateral valves (pi. LX, fig. 3) have been given other names 
in' the literature, such as outer valves, posterior processes, or ovi¬ 
positor sheaths. They are the outermost of the three pairs and 
fold around the inner pairs as is shown in figure 1. They arise from 
a genital area on the ninth segment and are attached in the adult 
to the vestigial parts of the ninth stemite. The attachment is broad 
and transverse to the caudal end of the stemite. Each lateral 
valve is a broad, spoon-shaped appendage which is deeply concave 
on its inner surface, so that half of it shows from a ventral view 
of the genitalia (pi. LX, fig. 1) and half from a dorsal view (fig. 6). 
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Its ventral basal part appears to bo entirely membranous. The 
pygofers fit very snugly around the lateral valves, but are not at¬ 
tached to them. These valves are tough, fairly well chitinized and 
with their outer surfaces pubescent. Their ventral surfaces are 
plainly visible from an external view. 

The ventral valves (pi. LX, fig. 2) are the middle pair of valves. 
Other names which have been applied to them are middle valves, 
anterior processes or ventral processes. They arise from the eighth 
sternite, to which they are still attached in the adult. Each valve 
is fastened to its half of the eighth sternite by a membrane which 
connects the mesal corner of the sternite and the cephalomedian 
angle of the valve. They are flat rather broad processes, which 
taper to a fine point and which bear a broad notch near the base of 
the dorsal margin. The ventral valves enfold the dorsal valves and 
the ventral and dorsal valves of each side are fastened together by a 
tongue-and-groove connection. The ventral valves are not as 
heavily chitinized as either the lateral or dorsal ones. 

The dorsal valves (pi. LX, fig. 5), which have also been called 
inner valves or median valves, are the innermost of the three p:>irs 
of valves, and make up the ovipositor proper. They arise from 
a genital area on the ninth segment, of the nymph and are still at¬ 
tached in the adult stage to the cephalic end of the ninth sternite. 
Each valve is a flat, bladelike structure, broader at the base, but 
tapering to a pointed appx. The basal half of their inner or dorsal 
margins are united and the free apical portions bear teeth. These 
teeth are small, sharply pointed, with broad, shallow indentations 
between them, and are about fifteen in number. The teeth are used 
as a saw with which to cut the plant tissue. The ventral margins of 
these valves bear heavily chitinized grooves into which the tongues 
of the ventral valves are inserted. 

Extending along the approximate median line of the ventral 
valves is a slender, chitinous rodlike structure. Superficially this 
appears to be a chitinous thickening of the valve, but when it is 
traced cephalad it is not found to be attached basally to the sclerite 
to which the valve is fastened. The sclerite to which it is fastened 
is a small, triangular plate (pi. LX, fig. 4), which is attached to the 
lateral margins of the- ninth sternite, the cephalic margin of the 
pygofer, and normally lies hidden beneath the eighth sternite. It 
probably represents the ninth pleurite. 
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DEVELOPMENT OF THE GENITALIA. 

As early as the third instar the nymphal genitalia are not onlf 
distinctly visible, but furnish reliable characters by which to dis¬ 
tinguish the sexes. They cannot be clearly made out, however, in 
the first two stages without careful study. 

The male genitalia arise from a genital area on the ninth abdom¬ 
inal segment. In the first and second instars only one pair of 
valves is present. Superficially they appear as two opaque, elongate, 
elevated ridges which occupy the major part of the ninth sternite. 
Closer examination reveals that they are two chitinous pockets 
(pi. LXI, fig. 1), which are separated from each other by a median 
chitinous band and which produce the genital appendages of the 
next nymphal stage. The pockets are attached to the caudal border 
of the genital area with their apices directed caudad and are 
rounded at the tip. The genital area is comparatively short and 
extends cephalad under the caudal margin of the eighth sternum, 
due to the telescopic arrangement of the abdominal segments, so 
that at first glance the pockets appear to arise from the eighth 
sternite. This pair of pockets produces the genital plates of the 
adult. 

In the second instar (fig. 2) the pockets have increased slightly 
in size, but are similar in other respects to those of the first. 

In the third instar there is a noticeable increase in size of the 
genital area. The pockets of the genital plates have become broader 
but are not so deeply bilobed. In addition to the one pair of pockets 
there is now present another pair, which are located dorsad and 
slightly caudad of the first pair. These produce the genital styles 
or claspers of the adult insect. 

In the fourth instar the genital area has become large and promi¬ 
nent. There is a great increase in the size of the dorsal pockets, 
which have now become twice as long as the ventral pair. Both 
are rounded at the tip. 

• In the fifth instar still greater changes have taken place. The 
ventral pockets have become greatly elongated and their apices have 
diverged slightly. The genital area has lengthened between the 
ventral plates and the dorsal plates so that the former do not ex¬ 
tend over the latter at all. The dorsal pockets have also diverged 
considerably, and between them can be seen the apices of another 
pair of pockets. These median pockets are only half as long as the 
pockets of the genital styles, are rounded at the apex and produce 
the oedagus of the adult. 
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The female genitalia in the first and second instars (pi. LXII, 
figs. 1 and 2) are very difficult to distinguish from those of the male. 
There are two pairs of valves present, but since they are practically 
of the same color and texture and one pair is placed upon the other, 
they appear as a single pair and therefore resemble the male. The 
first pair are small, rounded at the tip and project from the eighth 
stemite as a caudal extension of the latter. Thus it ia clearly evi¬ 
dent that they arise from the eighth sternite, whereas in the male 
the posterior margin of the eighth sternite can be seen to lie on 
top of the first pair of pockets. This pair of pockets develops into 
the ventral valves of the adult ovipositor. The second pair of 
pockets, which produce the dorsal valves of the ovipositor, project 
from above the first pair and are twice as long as the first pair. 
Together they occupy about one-half the length of the ninth 
stemite. 

In the third instar the ventral pockets have increased both in 
width and length. Here they are more easily seen to be attached to 
the eighth sternite. The dorsal pockets have become greatly en¬ 
larged. They are entirely separated from the ventral pockets, 
occupying about the center of the ninth sternite. The lateral 
pockets are present in the third instar for the first time. They lie 
latcrad of the dorsal pockets, arc somewhat narrower, although 
much longer, and curve slightly mesad. They develop into the 
lateral valves of the adult. 

In the fourth instar the ventral plates are greatly enlarged, so that 
their apices reach the base of the dorsal valves. The dorsal valves 
are larger than in the preceding instars, but are still the smallest of 
the three pairs. The lateral pockets, which are the largest pair of 
pockets, have their apices projecting mu*h farther eaudad than the 
dorsal valves and their bases reaching cephalad almost to the eighth 
sternum. 

In the fifth instar the pockets are very prominent. The ventral 
pockets are broad at the base, extending the entire width of the 
sternum and taper gradually to narrowly rounded apices. The dorsal 
valves are somewhat the shape of the ventral and are entirely covered 
by the latter. Their bases, however, do not reach to the eighth 
sternum. The lateral pockets are fingerlike structures with their 
bases partly covered by the ventral valves and are still slightly 
longer than either of the other two pairs. The genital area is very 
prominent and has been pushed cephalad until it occupies all the 
eighth sternum, and even extends into the seventh, where the.indica- 
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tion of the division of the eighth sternum in the adult is shown by 
the division of the nymphal integument. 

From the foregoing studies it appears that the male and female 
genitalia are not strictly homologous, since the three pairs of valves 
in the male arise from a genital area on the ninth segment, while in 
the female one pair comes from the eighth and two from the ninth. 
This agrees with Komhauser’s (1919) work on a membracid and 
Hackman’s (1923) work on a cicadellid. Kershaw and Muir (1922) 
in their studies of a cercopid, Philcenus leucophthalmw, make the 
statement that the gonopophyses of the male arise in exactly the 
same place as in the female. This conclusion appears to be drawn 
from a study of the fourth and fifth instars only, which are not 
sufficient to give a true interpretation of the origin of these organs. 
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PLATE LIY. 

1. Egg. 

2. First instar. 

3. Second instar. 

4. Fifth mstar. 

5. Third instar. 

6. Fourth instar. 




PLATE LY. 


1 Lateial \ K'W oi adult 
2. Antenna, lnglih magnified 
IS. Dorsal view oi adult. 

4, Venltal \ lew of adull, 
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PLATE LVI. 

1. Dorsal view of head. 

2. Ventral view of head. 

3. Dorsal view of head with vertex removed, showing the tentorium. 

4. Tips of mandible and maxilla, highly magnified. 

5. Lateral view of head. 

6. Lateral view of thorax. 

7. Dorsal view of mesothorax and metathorax. 

8. Ventral view of mesothorax and metathorax. 
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PLATE LVII. 

1. Dorsal view of pronotum. 

2. Ventral view of prothorax. 

3. Lateral view of prothorax. 

4. Caudal view of prothorax. 

5. Cephalic view of prothorax. 

6. Lateral view of mesothorax. 

7. Dorsal view of mesothorax, showing wing attachments. 

8. Lateral view of metathorax. 

9. Dorsal view of metathorax. 

10. Ventral view of mesothorax. 

11. Ventral view of metathorax. 
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PLATE LVII. 
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PLATE LVIII. 

1. Forewing, showing venation. 

2. Mesothoracic leg. 

3. Foreleg. 

4. Fore wing, showing color pattern. 

5. Hind wing. 

6. Dorsal view of tarsal claws. 

7. Hind femur, showing flaplike process. 

8. Metathoracic leg. 

9. Ventral tfiew of tarsal claws. 
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PLATE LIX. 

1. Ventral view of male abdomen. 

2. Dorsal view of male abdomen. 

3. Lateral view of male abdomen. 

4. Lateral view of female abdomen. 

5. Dorsal view of female abdomen. 

6. Ventral view of female abdomen. 
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PLATE LX. 

1. Ventral view of female genitalia. 

2. Lateral view of ventral valve. 

3. Lateral view of lateral valve. 

4. ttodlike structure found on ventral valve. 

5. Ventral view of dorsal valves and lateral valve. 

6. Dorsal view of female genitalia. 







584 


The University Science Bulletin. 


PLATE LXI. 

1. Ventral view of the last three abdominal segments in first-instar male. 

2. Ventral view of last three abdominal segments of second-instar male. 

3. Ventral view of last three abdominal segments of third-instar male. 

4. Ventral view of last three abdominal segments of fourth-instar male. 

5. Lateral view of adult male genitalia. 

6. Ventral view of last three abdominal segments of fifth-instar male. 

7. Ventral view of adult male genitalia. 

8. Dorsal view of adult male genitalia. 



Doering: Lepyronia quadrangularis. 
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PLATE LXII. 

1. Vonlnil view of last three abdominal segments of the first-instar male. 

2. Ventral view of last three abdominal segments of the second-instar 
female. 

3. Ventral view of last three abdominal segments of the third-instar female. 

4. Ventral view of last three abdominal segments of the fourth-instar 
lemale. 

f>. Ventral view of last three abdominal segments of the fifth-instar female. 

6. Ventral view of the nymphal abdomen with the air channel closed. 

7. Ventral view of the nymphal abdomen with the air channel open. 

8. Caudal view of the tip of the abdomen, showing anal opening. 

9. Mcsothoracic leg of a fifth-instar nymph, showing spines on the femur. 

10. First-instar antenna. 

11. Second-instar antenna., 

12. Tlurd-instar antenna. 

13. Fourth-instar antenna. 

14. Fifth-instar antenna. 



Doebing: Lepyhonia quadrangularis 
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